HPTLC-bioluminescence detection: methodological improvements and the application of the method to mouthwashes by Baumgartner, Vera
HPTLC-Bioluminescence Detection:
Methodological Improvements and the
Application of the Method to Mouthwashes
Dissertation zur Erlangung des Doktorgrades der
Naturwissenschaften (Dr. rer. nat.)
Fakultät Naturwissenschaften
Universität Hohenheim
Institut für Lebensmittelchemie
vorgelegt von
Vera Baumgartner
aus Bad Säckingen
2013
Dekan: Prof. Dr. Heinz Breer
1. berichtende Person, 1. Prüfer: Prof. Dr. Wolfgang Schwack
2. berichtende Person, 2. Prüfer: Prof. Dr. Gertrud Morlock
3. Prüfer: Prof. Dr. Walter Vetter
Eingereicht am: 4. Februar 2013
Mündliche Prüfung am: 3. Mai 2013
Die vorliegende Arbeit wurde am 19. April 2013 von der Fakultät Naturwissenschaften der Universität
Hohenheim als “Dissertation zur Erlangung des Doktorgrades der Naturwissenschaften” angenommen.
Danksagungen
Ich möchte mich ganz herzlich bei allen bedanken, die zum Gelingen dieser Arbeit beigetragen
haben. Mein Dank gilt:
• Prof. Dr. Wolfgang Schwack für sein Vertrauen, die ausgezeichnete Betreuung, die
konstruktiven Anregungen, sowie die Unterstützung während der Publikationsprozesse.
• Prof. Dr. Gertrud Morlock für die Übernahme des Mitberichts und die interessanten
Gespräche und Diskussionen während der Arbeit.
• Dr. Christopher Hohl für die hervorragende Betreuung vor Ort am Kantonalen Labora-
torium Basel-Stadt.
• Meinen Kolleginnen und Kollegen vom Kantonalen Laboratorium Basel-Stadt für die
offene, freundschaftliche Atmosphäre sowie die stete Hilfsbereitschaft.
Ganz besonders danke ichDr. Urs Hauri undDr. Markus Niederer und ihren Teams für
die Unterstützung vor allem bei den HPLC- und GC-Messungen, Dr. Sylvia Gautsch und
ihrem Team für die Hilfe bei den mikrobiologischen Fragestellungen und der Konzeption des
Projekts, sowie Raphael Bos für die Durchführung der mikrobiologischen Routineversuche.
• Der Firma CAMAG für den offenen und konstruktiven Austausch und die Unterstützung
mit Rat und Tat.
• Dr. Wolfram Seitz und Dr. Wolfgang Schulz (Zweckverband Landeswasserver-
sorgung Langenau) für die wertvolle Hilfestellungen zur Ausgangsbasis der quantitativen
Auswertung der Vibrio fischeri-Detektion.
• Prof. Dr. Ing. Urs Bopp und Ken Wippich (FHNW) für die erfolgreiche Zusammen-
arbeit bei der Konstruktion und dem Bau des Walzgerätes.
• Andreas Durandi für die Hilfe zu den technischen Details des BioLuminizer-Geräts.
• Michael Schulz (Merck Millipore/Lab Solutions) für die Detailinformationen zu
HPTLC-Platten.
• Prof. Dr. Hans-Rudolph Schmutz (FHNW) für die Möglichkeit, das TLC-MS-Interface
zu nutzen.
Nicht zuletzt danke ich meiner Familie und meinen Freunden, die mich während der gesamten
Zeit ermutigt und unterstützt haben.
i
Contents
Preliminary Remarks 1
Part I Introduction 3
1 Approaching the Subject 4
1.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4
1.2 The Vibrio fischeri Bacterium . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6
1.3 Principle of (HP)TLC coupled with Vibrio fischeri Detection . . . . . . . . . . . . . 9
1.4 Applications . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11
2 Scope and Aims of this Work 15
3 References of Part I 16
Part II Projects 20
4 Enhanced Quantitative Evaluation of the HPTLC-Bioluminescence Detection 21
Abstract . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21
4.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22
4.2 Experimental . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23
4.3 Results and Discussion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27
4.4 Conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35
5 Rolling – A new Application Technique for luminescent Bacteria on HPTLC Plates 36
Abstract . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 36
5.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 36
5.2 Experimental . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 38
5.3 Results and Discussion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41
5.4 Conclusion and Outlook . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 51
5.5 Acknowledgements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 51
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 51
6 Construction of a Device for Applying Vibrio fischeri onto HPTLC Plates by Rolling 53
6.1 Foreword . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 53
6.2 Requirements given by the State Laboratory . . . . . . . . . . . . . . . . . . . . . . . 53
6.3 Description of the Project . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 54
6.4 Commissioning at the State Laboratory Basel-City . . . . . . . . . . . . . . . . . . . 56
6.5 Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 56
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 56
ii
Contents
7 Screening for Antimicrobials in Mouthwashes using HPTLC-Bioluminescence Detection 58
Abstract . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 58
7.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 59
7.2 Experimental . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 60
7.3 Results and Discussion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 64
7.4 Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 72
7.5 Acknowledgements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 72
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 72
8 Microbiological Examination of Vibrio fischeri on the HPTLC Plate 75
8.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 75
8.2 Experimental . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 75
8.3 Results and Discussion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 79
8.4 Conclusion and Starting Points for further Experiments . . . . . . . . . . . . . . . . 85
8.5 Acknowledgements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 85
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 85
Part III Complementary Remarks 86
9 Hints and Pitfalls 87
10 Discussion 91
11 Conclusion 93
12 References of Part III 94
Part IV Summary / Zusammenfassung 96
Summary 97
Zusammenfassung 100
iii
List of Figures
1-1 Electron microscope of Vibrio fischeri. Courtesy of E. G. Ruby. . . . . . . . . . . . . 6
1-2 Luminescent Vibrio fischeri bacteria in an Erlenmeyer flask. . . . . . . . . . . . . . . 6
1-3 Counterillumination of Euprymna scolopes. . . . . . . . . . . . . . . . . . . . . . . . 7
1-4 Principle of quorum sensing of Vibrio fischeri. . . . . . . . . . . . . . . . . . . . . . . 7
1-5 The luminescence system of Vibrio fischeri. . . . . . . . . . . . . . . . . . . . . . . . 8
1-6 Workflow of (HP)TLC with effect-directed analysis using Vibrio fischeri. . . . . . . . 9
4-1 Principle of the workflow. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28
4-2 Overlay of the chromatograms obtained with Excel, VideoScan and ChromQuest. . 30
4-3 HPTLC plate image of bronopol chromatography. . . . . . . . . . . . . . . . . . . . 31
4-4 Overlay of track chromatograms of the bronopol run as shown in Figure 4-3.
Evaluation was done using VideoScan with background correction Track Borders.
Track width was 38 pixels. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32
4-5 Overlay of track chromatograms of the bronopol run in Figure 4-3 after correction
using the method described in this paper. Evaluated using VideoScan, background
correction None and a track width of 4 pixels. . . . . . . . . . . . . . . . . . . . . . . 32
4-6 Comparison of the evaluation using the method described and the VideoScan cor-
rection Track Borders. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33
4-7 Curve obtained for the show track using VideoScan and the Track border correction
and the new method. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 34
5-1 HPTLC plate with increasing amounts of the preservative octhilinone after dipping. 37
5-2 Schematic of the rolling device. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 38
5-3 Peak heights (gamma values) at different gain settings of an originally bright and
originally dark HPTLC plate. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 43
5-4 Typical BioLuminizer images of octhilinone and methylparaben HPTLC plates after
dipping and rolling. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 44
5-5 Densitogram overlay of two tracks of dipping and two tracks of rolling; 3.0 µg of
octhilinone. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 46
5-6 Calibration curves of octhilinone and methylparaben. . . . . . . . . . . . . . . . . . . 47
6-1 View of the finished prototype. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 55
6-2 Rolling device prototype. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 57
7-1 Plate images of standard substances detected by V. fischeri on silica gel and amino
plates. Images taken immediately and after 15min. . . . . . . . . . . . . . . . . . . . 65
7-2 Plate images of samples on silica gel and amino plates after V. fischeri detection. . 67
7-3 Workflow of the identification of V. fischeri toxic substances in mouthwashes. . . . 68
7-4 Identified bioactive compounds in mouthwash samples on silica gel plates. . . . . . 69
8-1 Workflow of the manual extraction procedure. . . . . . . . . . . . . . . . . . . . . . . 78
8-2 Images of HPTLC plates after Vibrio fischeri detection. . . . . . . . . . . . . . . . . 80
8-3 Counting chamber: Comparison of values obtained from the different plates and zones. 81
8-4 Tube growth test after manual extraction in white light and in the dark. . . . . . . 82
8-5 Luminescence in tubes. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 83
8-6 Agar plates after plating out extracts from substance zones in white light and in the
dark. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 84
iv
List of Tables
4-1 Test picture for compatibility testing and its maximum values and the differences
due to conversion. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30
4-2 A selection of parameters evaluated using ChromQuest for the track shown in Figure 4-7. 34
5-1 Gain and offset values of all HPTLC plates. . . . . . . . . . . . . . . . . . . . . . . . 42
5-2 Quantitative parameters of octhilinone HPTLC plates. . . . . . . . . . . . . . . . . . 45
5-3 Quantitative parameters of methylparaben HPTLC plates. . . . . . . . . . . . . . . . 49
5-4 Concentration of methylparaben in a care cream sample, determined by UV scan
and V. fischeri assay using dipping and rolling of bacteria suspension. . . . . . . . . 50
7-1 Overview of standard substances and concentration of standard solutions. . . . . . . 61
7-2 Declared and found compounds of the six mouthwash samples. . . . . . . . . . . . . 71
8-1 Background variations: Results after manual extraction for samples taken from the
background part of the HPTLC plate. . . . . . . . . . . . . . . . . . . . . . . . . . . 80
v
Glossary
AMD Automated Multiple Development, a separation technique in HPTLC analysis. The
HPTLC plate is developed with several solvents, each separation step migrating
higher than the step before, with a drying step in between.
DAD Diode Array Detector, a detection method.
DART Direct Analysis in Real Time, an ion source used for ionization of analytes in MS.
EDA Effect-Directed Analysis.
GC Gas Chromatography, a separation method.
HPLC High-Performance Liquid Chromatography, a separation method.
HPTLC High-Performance Thin-Layer Chromatography, a separation method.
(HP)TLC Means both methods, TLC and HPTLC.
LC Liquid Chromatography, a separation method.
MS Mass Spectrometry, a detection method.
RF Retention factor (also: retardation factor), defines the position of a zone on the TLC
plate (value between 0 and 1):
RF = position of the solvent front − position of the application zoneposition of the substance zone − position of the application zone
SPE Solid Phase Extraction, a technique to concentrate analytes in a sample.
TLC Thin-Layer Chromatography, a separation method.
vi
Preliminary Remarks
The work presented in this thesis was carried out under the supervision of Prof. Dr. Wolfgang
Schwack, Institute of Food Chemistry, University of Hohenheim, Germany, from February 2008
to July 2011. Practical work was performed at the State Laboratory Basel-City, Switzerland
(Kantonales Laboratorium Basel-Stadt, KLBS).
Parts of this work have already been published in international peer-reviewed journals, or were
presented at international conferences as oral or poster presentations:
Full Papers
I. V. Baumgartner and W. Schwack. Enhanced Quantitative Evaluation of the HPTLC-
Bioluminescence Detection. Journal of Liquid Chromatography & Related Technologies,
2010, 33, 980–995, DOI: 10.1080/10826071003766088
II. V. Baumgartner, C. Hohl and W. Schwack. Rolling – A new Application Technique for
Luminescent Bacteria on High-Performance Thin-Layer Chromatography Plates. Journal
of Chromatography A, 2011, 1218, 2692–2699, DOI: 10.1016/j.chroma.2011.01.039
III. V. Baumgartner, C. Hohl and W. Schwack. Screening for Antimicrobials in Mouthwashes
using HPTLC-Bioluminescence Detection. Chromatographia, 2012, published online on
01 January 2013, DOI: 10.1007/s10337-012-2375-5
Oral Presentations
I. V. Baumgartner, C. Hohl and W. Schwack, co-lecturer with E. Dytkiewitz, University of
Hohenheim, Stuttgart, Germany. Effect-directed analysis using HPTLC and luminescent
Vibrio fischeri bacteria. Rencontre Club de CCM, LVMH Recherche Parfums & Cosmétique.
14 October 2010, Saint Jean de Braye, France
II. V. Baumgartner, C. Hohl and W. Schwack. HPTLC-bioluminescence detection with Vibrio
fischeri – method enhancements and its potential in the field of consumer goods. International
Symposium for Thin-Layer Chromatography 06–08 July 2011, Basel, Switzerland
Poster Presentations
I. V. Baumgartner and W. Schwack. Verfahren zur quantitativen Auswertung der HPTLC-
Biolumineszenz-Detektion. Deutscher Lebensmittelchemiker-Tag, 11–13 September 2009,
Berlin, Germany
II. V. Baumgartner, C. Hohl and W. Schwack. Walzen – eine neue Applikationsart von
Leuchtbakterien auf HPTLC-Platten. Deutscher Lebensmittelchemiker-Tag, 20–22 September
2010, Stuttgart-Hohenheim, Germany
1
Preliminary Remarks
In this thesis, chapter 4, chapter 5 and chapter 7 are in form and content identical with full
papers I, II and III.
Styles of captions, tables and cross references and the numbering were adapted to the consecutive
layout of this thesis.
Unless indicated otherwise, all images, pictures and illustrations used in this work were created
by the author.
Contributions
The contributions and responsibilities of the persons named in this work were as follows:
Vera Baumgartner performed all essential experimental and analytical work, including data
analysis and interpretation, and prepared the manuscripts. She also initiated the projects and
cooperations with internal and external partners.
Prof. Dr. Wolfgang Schwack, University of Hohenheim, was the thesis-supervisor. He
advised on the aims and scope and the milestones of this thesis, proofread the manuscripts and
helped with all formal aspects of the publications and thesis.
Dr. Christopher Hohl, head of the sector of chromatography, KLBS, was the local supervisor.
He helped to link the aims and scope of the thesis with the interests of the State Laboratory,
served as first contact for questions in daily work and checked the manuscripts.
Dr. Sylvia Gautsch, head of the sector of microbiology, KLBS, was involved in the micro-
biological examination of HPTLC plates. She advised on the practical implementation of the
concept and provided the microbiology facilities. Raphael Bos carried out the routine work
according to manuscript during his 6-weeks-internship.
Prof. Dr. Eng. Urs Bopp and bachelor studentKenWippich from the School of Engineering
of the University of Applied Sciences and Arts Northwestern Switzerland (FHNW) were
responsible for the technical implementation and construction of the rolling device according to
given requirements.
2
I
Introduction
3
1 Approaching the Subject
1.1 Introduction
It is a big task in the chemical analysis of food, drugs and environmental samples not just
to find specific substances, but to find the “right” substances, meaning those with a certain
(biological) activity.
Conventional techniques like liquid chromatography (LC) or gas chromatography (GC) coupled
with a sensitive and selective detection, often mass spectrometry (MS), require the allocation
of every peak of the obtained chromatogram followed by an evaluation regarding identity and
biological activity.
This requires (i) a detector being able to detect all substances, (ii) that all substances reach
the detector, and (iii) an evaluation of the activity of each compound detected. But this is
practically impossible.
Therefore, it is of great interest to have a rapid and selective biological screening assay that helps
to focus on substances with a specific biological effect, which additionally can be identified with
conventional analytic systems. This might lead to hitherto unknown substances, to substances
previously have been overlooked, or even toxic compounds.
Such an effect-directed analysis (EDA) is well established, especially to study environmental
samples. Popular EDAs are the YES assay (Yeast Estrogen Screen) on estrogens and xeno-
estrogens [1–3], the umu test on mutagenicity and genotoxicity [4], choline esterase inhibition
tests on organophosphorus and carbamate pesticides [5], the CALUX (Chemically Activated
LUciferase gene eXpression) test on dioxins [6] as well as the luminescent bacteria test on acute
toxicity [7, 8].
These tests are performed in microtiter plates, when usually the entire sample or sample extract
is employed. Therefore, the results reflect the overall effects of the sample, including synergistic
as well as antagonistic effects. This is a drawback, if a specific substance or substance class is
of interest. For this, the sample has to be separated or fractionated before biodetection as later
to clearly identify the active substance.
Separation before Biodetection
For separation/fractionation GC or LC with an adequate detector may be used. However, these
methods have some disadvantages: they require sample preparation, which is time-consuming
and might eliminate analytes, they can only detect substances which reach the detector, typical
LC solvents are likely to interfere with the biological systems, and every sample has to be
processed with the complex equipment, no matter if it turns out positive or negative. Attempts
have been made to inject luminescent bacteria into a high-performance liquid chromatography
4
Part I 1 Approaching the Subject
(HPLC) system for post-column detection, but mainly due to the limited choice of solvents it
was not successful [9, 10].
For the hyphenation of separation and biodetection, the often unattended thin-layer chromato-
graphy (TLC) or its modern form high-performance thin-layer chromatography (HPTLC) is
the method of choice: No or minor sample preparation is required, the whole sample remains
on the plate and is accessible for biodetection, solvents can be evaporated from the plate and
do not interfere with the biodetection, and several samples can be detected at once under the
identical conditions. Identification can either be performed directly on the plate or the zone of
interest is extracted from the plate and further analyzed by conventional techniques like MS.
Some biotests have already been adapted for use with (HP)TLC, for example the luminescent
bacteria test [9], the umu test [11], the enzyme inhibition test [12, 13], and tests using genetically
modified luminescent E. coli [10].
The luminescent bacteria test using Vibrio fischeri is probably the most popular biodetection
on (HP)TLC plates. It was first described in 1996 [9] and is a patented method [14, 15].
Luminescent Bacteria Test
The biodetection is derived from the above mentioned luminescent bacteria test which is often
used in (waste)water and environmental analysis [16]. For this classical cuvette test, an aliquot of
water sample is mixed with a luminescent bacteria suspension, and the change in luminescence
is measured. Since 1991, the luminescence inhibition test is an international norm method [8,
17]. Test organisms are Photobacterium phosphoreum or, nowadays, Vibrio fischeri1.
Major advantages of the luminescent bacteria test are:
• sensitive to a broad spectrum of harmful substances [7]
• possibility to correlate it to other toxicity tests [20–22]
• very rapid reaction, results are available within minutes
• reproducible
• low costs
• bacteria are easy to cultivate
These points make luminescent bacteria the ideal biodetector to obtain first information on a
(potential) cytotoxicity of a sample.
1Previous versions of the standard method used Photobacterium phosphoreum [17], the current international
standard method [8] uses Vibrio fischeri. Strictly speaking, the two luminescent bacteria Photobacterium
phosphoreum and Vibrio fischeri are different genera, but are closely related [18, 19]. In literature they are
sometimes taken as the same.
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Figure 1-1: Electron microscope image of
Vibrio fischeri. Courtesy of E.G. Ruby.
Figure 1-2: Luminescent Vibrio fischeri
bacteria in an Erlenmeyer flask.
1.2 The Vibrio fischeri Bacterium
1.2.1 Profile
The marine bacterium Vibrio fischeri (synonyms: Photobacterium fischeri, Aliivibrio fischeri)
is a Gram-negative, falcultative anaerobic, comma-shaped rod with flagella [23] (Figure 1-1).
The naming and classification of the bacterium underwent several changes: It was discovered
in 1888 by Bernhard Fischer, a German scientist, who named it Einheimischer Leuchtbacillus
[24]. In 1889, Martinus Willem Beijerinck described it as Photobacterium fischeri [24]. Later, it
was classified to Vibrio fischeri by Karl Bernhard Lehmann and Rudolf Otto Neumann in 1896
[18], and to Photobacterium fischeri by John L. Reichelt and Paul Baumann in 1973 [25]. Only
recently it has again been reclassified, now to the genus Aliivibrio fischeri [19]. This rather
complex naming caused some confusion in literature, where various spellings can be found like
Vibrio fischerii, Vibrio fisheri, and Photobacterium vibrio fischeri.
The special characteristic of Vibrio fischeri is its ability to luminize and emit blue-green light
at approximately 480 nm [26–28] (Figure 1-2).
Bioluminescence, the emission of light by a living organism, is a phenomenon which cannot only
be observed in bacteria but also in various other organisms. A popular example are fireflies,
but there are also species of mushrooms, sponges, fish, squid, jellyfish or dinoflagellates which
are able to glow [29, 30].
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1.2.2 Symbiosis
Vibrio fischeri lives freely in the sea or in symbiosis [31, 32]. A well-investigated model symbiosis
is with the Hawaiian bobtail squid Euprymna scolopes. This squid uses the light of Vibrio
fischeri bacteria for camouflage, called “counterillumination” [33–36]: In the open water, the
silhouette of the squid could be easily seen by predators against the moonlit sea surface. To
avoid this, the squid hosts luminizing Vibrio fischeri bacteria in a special light organ, which
enables the squid to luminize itself, hiding its silhouette (Figure 1-3).
Figure 1-3: Counterillumination of Euprymna scolopes: Without the luminescent Vibrio fischeri bacteria
the squid could be easily seen against the brightly illuminated sea surface (left). For camouflage, the
squid luminizes itself with the help of the bacteria (right).
1.2.3 Quorum Sensing
The expression of luminescence depends on the concentration of bacteria: Every bacterium pro-
duces an autoinducer which diffuses freely through the cell membrane and into the surrounding.
Only a certain threshold concentration of autoinducers triggers the expression of all enzymes
and factors in each bacterium and starts the luminescence system [26, 27] (Figure 1-4).
Figure 1-4: Principle of quorum sensing of Vibrio fischeri: The glow of the bacteria is only induced,
when the concentration of autoinducers and thus the bacteria density reaches a certain level (right).
Single bacteria remain dark (left).
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1.2.4 Generation of Light
For the generation of light, Vibrio fischeri employs a luciferin-luciferase system:
Luciferin +O2 LuciferaseÐÐÐÐÐÐ→ Light +H2O
The enzyme luciferase catalyzes the reaction of luciferin (a long-chain aliphatic aldehyde,
RCHO) with reduced flavin mononucleotide (FMNH2) in presence of oxygen, resulting in the
emission of light [23, 26]. Subsequently, the reduction of the oxidized fatty acid (RCOOH)
and flavin mononucleotide (FMN) consumes energy in form of reduced nicotinamide adenine
dinucleotide phosphate (NADPH) and adenosine triphosphate (ATP). NADPH and ATP link
the luminescence process to the energy metabolism of the cell [37] (Figure 1-5), consuming up
to 20% of the cellular energy [28].
Because the luminescence is directly linked to the energy metabolism, a disturbance of the
bacterium’s metabolism directly affects the luminescence, whereas the degree of toxicity is
proportional to the luminescence inhibition. This correlation is the basis for toxicity tests using
Vibrio fischeri [7]: Unaffected, comfortable Vibrio fischeri bacteria luminize brightly, but the
luminescence will decrease immediately in the presence of toxic substances.
Figure 1-5: The luminescence system of Vibrio fischeri according to [38], modified.
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1.3 Principle of (HP)TLC coupled with Vibrio fischeri Detection
In principle, the procedure with biodetection follows the normal (HP)TLC process: The sample
is applied onto an (HP)TLC plate, the plate is developed with an appropriate solvent and
can be evaluated under visible or UV light. Then, after drying, the plate is dipped into the
Vibrio fischeri suspension, and an image of the luminizing plate is taken. As a result, dark
zones on a brightly luminizing background indicate substances that inhibit the Vibrio fischeri
luminescence. (Figure 1-6).
1. Application 2. Development 3. UV Detection
254 nm (top), 366 nm (bottom)
4. Drying 5. Dipping
Courtesy of CAMAG.
6. Visualization
Courtesy of CAMAG.
Resulting image, applied are mouthwashes
Figure 1-6: Workflow of (HP)TLC with EDA using Vibrio fischeri.
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A kit called Bioluminex (ChromaDex, Santa Ana, CA, USA) was available, which was in
accordance to the patents on the method [39, 40] and contained everything necessary for
(HP)TLC with bioluminescence detection, including TLC plates, pre-mixed medium, bacteria,
reference substances, and a detailed manual. However, in 2012 it is no longer on the market.
An alternative of separating the sample by (HP)TLC is to use HPLC, while aliquots of the eluate
are continuously deposited on a carrier plate [10]. After drying the plate, EDA is performed.
Application of the bacteria onto the (HP)TLC plate is preferably performed by dipping. Spraying
as another method for derivatization in (HP)TLC was not suitable for bacteria: homogeneous
application was quite difficult to achieve, bacteria were damaged due to evaporation while
spraying, and precautionary measures were necessary due to aerosols [15].
Evaluation is usually done visually and hence (semi)quantitatively, but also a method for
quantitative evaluation analog to the cuvette test is described [41].
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1.4 Applications
Although the method has already been described in 1996 [9], there exist only few precise
application reports. Fields of work were mainly (waste)water and plants and drugs, but also
cosmetics.
1.4.1 Water
Industrial Wastewater
For the analysis of tannery and molasses wastewater as well as water from a polymer dyeing
process, a dual approach with HPLC and HPTLC was used. Samples were extracted by solid
phase extraction (SPE), fractionated by HPLC or HPTLC, and the compounds of interest
identified by GC coupled with MS. Before each step, Vibrio fischeri detection was performed.
Only fractions showing toxic effects were further processed.
For HPLC separation, a water-methanol gradient was used, fractions were collected at 1min
intervals and evaporated to 1mL. Toxicity detection was made according to the standard
cuvette test procedure [17] or, for higher sample throughput, in a microtiter plate. For HPTLC
fractionation, the sample was applied onto a silica gel plate, developed by automated multiple
development (AMD) using a 25-step gradient with methanol and dichloromethane. After
chromatography, the plate was dipped into a Vibrio fischeri suspension and the bioluminescence
detected with a CCD camera.
HPTLC fractionation was advantageous over HPLC, because it enabled oﬄine toxicity detection
and higher sample throughput [42].
Wastewater from Sports Fields, Expressways and Landfill Leaches
The approach of analyzing wastewater by HPTLC-biodetection was picked up for the analysis
of rubber granulate from sports fields, expressways, landfill leachates, and degradation products
of X-ray contrast media.
Rubber granules were shaken in water, filtered and extracted by liquid-liquid extraction with
tertiary butyl methyl ether. This extract was applied onto an HPTLC silica gel plate and
developed by AMD with a 13-step gradient using methanol (containing 5% ammonium hydroxide
solution (25%)), dichloromethane, and n-hexane. The plate was then dipped into a Vibrio
fischeri suspension. With this procedure, different samples could be compared regarding their
toxicity towards Vibrio fischeri.
Expressway wastewater was first adjusted to pH 2 and 7 and enriched by SPE or liquid-liquid
extraction with tertiary butyl methyl ether. Extracts were chromatographed as described for
rubber granules. It could be shown, that after SPE more inhibiting substances could be found
than after liquid-liquid extraction. Water from a creek near the expressway showed stronger
inhibition than water from a rainwater overflow basin of the expressway. For the characterization
of landfill leachates the pH was again adjusted to 2 and 7, the sample enriched by SPE, applied
and developed as before. The samples showed different inhibition patterns, which could not
only be used for characterization, but also for monitoring purposes.
Screening of by-products of iodinated X-ray contrast media due to UV treatment showed that
not only luminescence inhibition but also enhancement was possible [41].
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Using the example of ozonized propranolol solutions, a new and sophisticated evaluation method
for (HP)TLC-bioluminescence detection was demonstrated. The calculations of the international
standard cuvette test [8] were transferred to the HPTLC plate, which included background
correction and took the non-linear dose-effect relationship into account [41].
Pollutants in Tap Water
Inhibiting concentrations of pollutants in tap water were shown for the anabolic steroid 4-
androstene-3,17-dione, the heavy metal arsenic(III) oxide and the chloroacetanilide herbicide
metolachlor.
Tab water was spiked with the three substances, applied onto an HPTLC silica gel plate and
developed with a mixture of toluene, ethyl acetate, formic acid, and water. After drying, the
plate was dipped into a Vibrio fischeri suspension, and an image was taken.
For the lowest amount of 0.6µg per zone, metolachlor showed the weakest inhibition and could
hardly be seen. 4-androstene-3,17-dione gave a well visible, medium gray zone, while the zone for
arsenic(III) oxide was much darker indicating the strongest inhibition of these three substances
[43].
1.4.2 Plants, Drugs and other Matrices
Phenols in Urine
Compounds toxic for Vibrio fischeri could still be very well detected in spiked human urine.
Samples were applied onto a TLC silica gel plate and developed by AMD using methanol/
ammonium hydroxide solution (50/50), dichloromethane, and n-hexane. The dried plate was
dipped into Vibrio fischeri suspension, and an image was recorded. In the resulting image,
100 ng per zone of 3,5-dichlorophenol or 4-nitrophenol in spiked human urine were clearly visible.
The limit of detection of 3,5-dichlorophenol was approximately 5 ng [9].
Ochratoxin A in Corn
The mycotoxin ochratoxin A could be detected in spiked corn.
Methanolic corn extracts spiked with ochratoxin A were applied onto an HPTLC silica gel plate,
developed with a mixture of ethyl acetate, formic acid, and water. The dried plate was dipped
into Vibrio fischeri suspension, and an image was taken. An amount of 3µg of ochratoxin A on
the plate resulted in a strongly inhibiting, dark zone, but also the lower amounts of 1.5 µg and
0.5 µg of ochratoxin A were still visible [43].
Berberine Alkaloids in Plant Extracts
A combination of Vibrio fischeri detection and UV detection was suited for screening of plant
extracts for berberine alkaloids.
For this, plant powders of Mahonia, Coptis, Phellodendron or Tinospora were mixed with
methanol, sonicated, centrifuged, and the supernatant separated on HPTLC silica gel plates.
Detection of berberine alkaloids was made under UV illumination at 366 nm and with Vibrio
fischeri detection. Zones visible under UV light were found to be bioactive, but an additional
active compound was found, which could not be seen under UV light [44].
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Product Adulteration of Black Cohosh
Product adulteration or mis-identification of the phytomedicine and dietary supplement Actaea
racemosa (black cohosh) can lead to serious health problems due to similarly looking poisonous
species.
Methanol extracts of dried and powdered root and leaf extracts of three different cohosh species
were applied onto prewashed HPTLC silica gel plates, developed with a mixture of toluene, ethyl
formate and formic acid and dried. Plates were then detected under UV light at 254 nm and
366 nm, after derivatization with sulphuric acid/anisaldehyde reagent, and after biodetection
with Vibrio fischeri. In combination, the different detection methods led to a fingerprint profile,
which could distinguish the tested samples [45].
Fingerprinting of Spices
Another fingerprint profile to ensure material identity could be established for Capsicum annuum
(Cayenne pepper).
The sample was extracted with methanol, applied onto an HPTLC silica gel plate and developed
with diisopropyl ether. Applying in low amounts onto the plate, Vibrio fischeri detection
was suited to detect only strongly inhibiting compounds, while applying higher amounts, a
characteristic fingerprint profile was achieved. For reference, 2µg per zone of capsaicin were
used, which was visible as a strongly inhibiting zone [43].
Bioactive compounds were also detected in garlic and curry.
Extracts were separated on TLC silica gel plates by AMD using methanol/ammonium hydroxide
solution (50/50), dichloromethane, and n-hexane as solvents. The developed plates were either
derivatized by iodine staining or dipped into a Vibrio fischeri suspension.
The pattern in Vibrio fischeri detection was not the same as after iodine staining, which
confirmed the different detection mechanisms in chemical derivatization and biodetection [9].
Bioactive Compounds in Marine Sponges
Screening of marine sponges for bioactive compounds that might lead to new drugs is another
field of application.
Sponge tissue was extracted with methanol and separated by HPTLC on silica gel plates
using AMD with a 15-step gradient based on methanol, dichloromethane, and n-hexane with a
prolonged drying step to remove solvents. After dipping the HPTLC plate into Vibrio fischeri
suspension, bioactive zones of interest were marked, and – without further preparation – the
HPTLC plate was placed into the excited gas stream of the direct analysis in real time (DART)
ionization interface and detected with MS.
Biodetection revealed that the twelve sponge samples contained several bioactive compounds.
Most of them inhibited Vibrio fischeri bioluminescence, but there were also components present,
which had a luminescence enhancing effect. For the known inhibiting sponge components avarol
and avarone, detection limits were 70 ng and 60 ng per 6-mm-band, respectively [46].
Irradiated Sunscreens
Sunscreens are another area, where Vibrio fischeri detection could be employed. Some UV filter
compounds of sunscreens show degradation when irradiated. To study, if there are potentially
cytotoxic compounds among photodegradation products, UV filter standards and commercial
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sunscreens were analyzed before and after irradiation.
Samples were applied onto HPTLC LiChrospher plates and separated by AMD using a gradient
based on diisopropyl ether or tertiary butyl methyl ether, and n-hexane. After thoroughly drying
the plate, Vibrio fischeri bacteria were applied by dipping, and zones of interest appeared dark.
For identification, these zones were scraped off from a parallel HPTLC plate, extracted with
methanol, and analyzed by HPLC coupled with a diode array detector (DAD) and LC coupled
with MS.
UV filter standards with a molecular weight above 400 did not have an inhibiting effect on
Vibrio fischeri, which included all newer UV filters. Comparing irradiated and non-irradiated
UV filters, it turned out that photodegradation products inhibited luminescence more than the
corresponding UV filter itself. The same effect was observed for unstable sunscreen samples:
after irradiation, more inhibiting zones were observed than before [47, 48].
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2 Scope and Aims of this Work
This work was carried out at the State Laboratory Basel-City in Switzerland (Kantonales
Laboratorium Basel-Stadt, KLBS). As a food and environmental law enforcement authority it
is dedicated to fraud prevention, environmental protection and especially the health protection
of the inhabitants of the state.
The chromatography sector supervises food and utensils of daily use, such as cosmetics, toys
et cetera for their compliance with the Swiss law. This concerns mainly the supervision of
ingredients, contaminants, degradation products and product labeling. Depending on the specific
task, several analytical techniques are available at the KLBS. The pool of available techniques
covers chromatographic, spectroscopic, microbiological and biochemical methods, which is
continually expanded by research projects.
The aim of this work was to evaluate HPTLC coupled with the Vibrio fischeri biodetection for
its applicability as a tool in supervising the compliance of cosmetics with legal restrictions.
The following objectives were pursued:
Enhancement of the quantitative evaluation (chapter 4)
No commercial software is available which is tailored for the evaluation of HPTLC with
bioluminescence detection. In literature [41], a raw data correction analog the correction in
the cuvette test was suggested. With this starting point, a simplified and enhanced evaluation
was to be developed which could be carried out with existing software.
Enhanced application of bacteria onto the HPTLC plate (chapter 5 and 6)
Usually, the bacteria suspension was applied on the HPTLC plate by dipping. However, dipping
is not always the method of choice, because for normal phase silica gel plates, water is the
strongest eluent. This can partially result in desorption of the substances during dipping into
the aqueous bacteria suspension, causing tailing or reduced substance amount on the plate
after dipping. This drawback was to be overcome with a rolling technique.
Applicability of the method (chapter 7)
The applicability of HPTLC with biodetection in practice was to be tested by screening
commercially available mouthwashes for their antimicrobial compounds.
Examination of the conditions of Vibrio fischeri on the HPTLC plate (chapter 8)
It was desirable to better understand the results of the technique by knowing more about
the conditions on the bacteria-coated HPTLC plate: Are dark zones the result of bacteria
being (temporarily) inhibited but still alive, or of bacteria being killed, or do they represent
bacteria-free zones due to water repelling effects of a sample component?
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Abstract
The HPTLC bioluminescence coupling is a method, which combines the separation ability of
HPTLC with biodetection, applying the luminescent bacterium Vibrio fischeri that is also used
in a cuvette assay for wastewater analysis according to a European norm method. As a result, a
black and white image of the HPTLC plate is obtained, on which bioactive substances appear
as dark spots on a brightly luminizing background.
The evaluation of the image was usually done visually and, hence, qualitatively. Currently,
available image evaluation programs showed to be unsuitable for quantitative evaluation because
of insufficient background correction and/or tedious procedures. Furthermore, special corrections
like a horizontal background correction and the recalculation of the sigmoid dose response
relationship of the bacteria’s reaction are needed. Available programs could not fulfill these
requirements.
Therefore, a method was developed by using existing common or freeware programs with which
the proper corrections could be accomplished. Steps were the selection of the regions of interest
from the HPTLC image, the conversion of the image file into a text file, followed by the main
calculation in the spreadsheet program Microsoft Excel. For calculation, adapted versions of
the cuvette test calculations were used.
As Excel does not contain the necessary integration tools, two export methods were included.
The first method allowed for a routine evaluation of chromatograms giving peak height and
area as parameters. The second method enables an in-depth evaluation of chromatograms using
an HPLC software leading to parameters like, e. g., signal-to-noise ratio, peak asymmetry, or
peak width.
Results obtained with the method were convincing. With a macro bundle, the calculations were
not very time consuming and could be applied for routine use.
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4.1 Introduction
4.1.1 HPTLC-Bioluminescence Coupling
The coupling of high performance thin-layer chromatography (HPTLC) with bioluminescence
detection using the luminescent bacterium Vibrio fischeri [1] is derived from the waste water
“cuvette test” according to a European norm method,[2] which is very well known in the field of
water analysis.
As an effect directed method, the HPTLC-bioluminescence assay can reveal acute (cyto)-
toxic compounds and serve as a link between physical chemical analysis and toxicological
relevance. The technique was developed and patented by Bayer AG.[3] Vibrio fischeri bacteria
are inherently bioluminescent and emit blue–green light under suitable conditions. Because
bioluminescence is directly linked to the bacteria’s metabolism, a decrease in light intensity
shows a disturbance of the metabolism.[4]
After application of the bacteria onto the HPTLC plate, bioactive substances appear as dark
zones on a brightly glowing background. The method was already used for various applications,
e. g., for the detection of melamine,[5] the biological activity of berberine containing drugs,[6]
for the screening of waste water or the detection of unknown bioactive by-products,[7] screening
for bioactive components of photodegraded UV filters in sunscreens,[8] and for screening for
new bioactive components in marine sponges.[9]
As a result of the test, a black and white image of the HPTLC plate is taken for qualitative
evaluation using a light sensitive CCD camera.
Quantitative evaluation can be done using an image evaluation software as mentioned in
literature.[10] But unlike the cuvette test evaluation, image evaluation software does not
consider that the bacteria do not show a linear dose response relationship. Furthermore, for
HPTLC plates not perfectly having a homogeneous background, correction methods offered by
the available software are not sufficient.
One approach adapted the cuvette test calculation method for the HPTLC-bioluminescence
evaluation.[7] By this evaluation, interferences caused by β-fronting or inhomogeneous glowing
on the HPTLC plate are compensated and the non-linear dose response relationship is taken
into account. Track intensity is set in relation to the background on the left and on the right
for each pixel row. The calculated value gives the inhibition in percent (Irel). The ratio of
inhibition to the remaining inhibition is then calculated resulting in the so called Γ-value. With
this Γ-value, the effective concentration (EC) values can be calculated, where Γ=1 and Γ=0.25
represent EC50 and EC20, respectively.
4.1.2 Problem and New Approach
For this effective background correction no software is available. Therefore, carrying out these
calculations was a very complex and tedious task. The aim of this study was the implementation
of a software tool that uses the calculations according to literature,[7] but does not require
expensive, uncommon or too specialized software. It should also be as easy as possible to handle
and offer efficient integration facilities.
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The problem was solved using two freeware programs and Microsoft Excel for the calculations.
Since Excel does not offer suitable integration tools, two export methods were created to
integrate the curves in other, more dedicated programs. These were an image evaluation
program for routine evaluation, giving the conventional parameters peak height and peak area,
and an HPLC chromatography data system for the enhanced method evaluation, which permits
the easy calculation of various parameters, among them signal-to-noise-ratio, peak width, and
peak asymmetry.
To the best of our knowledge, this is the first time that an HPLC software was used for
evaluating HPTLC plates.
4.2 Experimental
4.2.1 Evaluation Software
Operating system: Microsoft Windows XP Professional Version 2002, ServicePack 2.
• BioLuminizer 1.0 (CAMAG, Muttenz, Switzerland); CCD camera and software for taking
photos of glowing HPTLC plates.
• Gimp 2.6.3; Image processing program; http://www.gimp.org, Freeware.
• ImageMagick 6.5.1-0 2009-03-30 Q16 OpenMP; program for creating, editing and composing
bitmap images; http://www.imagemagick.org, Freeware.
• Microsoft Excel 2003; spreadsheet program with Microsoft Visual Basic 6.5, programming
system.
• VideoScan (CAMAG); image evaluation software for general integration of HPTLC plates.
• ChromQuest 4.2.34 Version 3.1.6 (Thermo Scientific); data system for High-Performance
Liquid Chromatography (HPLC).
4.2.2 Requirements
The method worked for RGB photos with a maximum amount of total 65.536 pixels and/or a
width of at most 254 pixels after cutting (limits of Excel had to be taken into account).
For the application of substances it had to be considered that the width of the bands were wide
enough to cover the homogeneous part of the spot with 7 pixels and the space between tracks
had to be big enough that adjacent zones do not interfere.
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4.2.3 General Calculations
1. A picture was taken from the HPTLC plate using the BioLuminizer (CAMAG) and saved
as a PNG (Portable Network Graphics) image file: foo.png
2. The photo was imported into the image editing application Gimp. A new “mask” layer
(color: red, transparency: 45%) was created.
The previous steps 1 and 2 were implemented as Gimp macros.
3. From this mask, rectangular segments were cut out to be further processed. Segments for
the track were taken from the middle part of each track. Segments for the background were
taken from the space in between the tracks. The rectangle for each segment was layed out
to cover the HPTLC run from the application area to the solvent front and was exactly
7 pixels wide.
The previous step 3 was carried out manually.
4. After selection, the file was saved in the native Gimp-file-format XCF to backup the layer
and cutting information: foo-stripes.xcf
5. The transparency of the mask layer was increased to 100%, the image layer and the mask
layer were merged and all red (masked) regions were cut away using the Zealous Crop
command. The cut image was then saved as BMP-file: foo-stripes.bmp
The previous steps 4 and 5 were implemented as Gimp macros.
6. The image BMP file was converted to a text ASCII file using ImageMagick. For this,
the Windows program Command Prompt cmd.exe was started and the directory cho-
sen in which the files above were stored. The conversion was done using the command:
convert foo-stripes.bmp foo-stripes.txt
7. Then, the file foo-stripes.txt was imported to Microsoft Excel in such a way that
all words and all numbers were separated to different cells using commas and colons as
separators. The result is a spreadsheet of 7 columns and several ten thousand rows. The
first row represents the header of the ASCII file: The word #ImageMagick is followed by
the width and height of the picture in pixels. Except for the first, each row represents one
pixel. In the pixel rows, the first value represents the x-coordinate, the second one the
y-coordinate, the third, forth and fifth are color values using the RGB system. All further
values give additional information on the color which could be ignored.
8. With the information of the width and height of the picture in row one, the values of one
channel were resorted in another sheet in such a way that it represented an array sorted like
the original picture, now using numerical values (e.g. black=0) instead of grayscale pixels.
9. Then, the average value of every seven cells in one row was calculated and written in an
additional sheet. Column 1 was then the horizontal average of the left background of track 1,
column 2 was the horizontal average of track 1, column 3 was the horizontal average of the
background between tracks 1 and 2, column 4 was the horizontal average of track 2, and so
forth.
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10. In a next sheet, the first part of the calculation was done using Equation 1. Here, the average
of the background on the left and on the right was calculated. This average background of
each track was set at 100% and the track was calculated according to Equation 2. The
resulting value was the inhibition in percent for this row of pixels.
BG = Backgroundleft +Backgroundright
2
(1)
Irel in [%] = (1 − TrackBG ) ⋅ 100 (2)
11. Last, in another sheet, the second calculation was made according to Equation 3 which
gave the Γ-value.
Γ = Irel
100 − Irel (3)
The previous steps 6 to 11 were implemented as VisualBasic macros for Excel.
4.2.4 Export for Integration
I. Export as Bitmap for Evaluation with VideoScan
I-1. The absolute minimum Γ-value was added to all values.
I-2. The new values were converted into numbers from 0 to 255, whereas the former minimum
value was set to zero. 255 equated to a (theoretical) Γ-value of 9 plus the absolute minimum
Γ-value (Offset calculation).
I-3. In a next sheet, every value was written seven times side by side.
I-4. Additionally, in order to better discern between tracks and to define the offset with the
absolute miniumum and maximum, a total of 5 rows of black and white were added
alternately.
I-5. Then, a header was added which defined a PGM (Pixel Gray Map) image: The first entry
was “P2” followed by the number of converted values (=pixels) in x direction, then the y
direction, and the last entry gave the color depth which was 255.
I-6. The sheet was saved as text-file: foo-stripes-BG-Gamma.txt
I-7. Next, ImageMagick was used for the conversion into an bitmap:
convert foo.txt -type Truecolor -negate foo.bmp
The previous steps I-1 to I-7 were implemented as VisualBasic macros for Excel.
I-8. The image foo.bmp was imported to VideoScan, while the background correction was
turned off. Then it could be evaluated like a photo of an HPTLC plate. The evaluation
with VideoScan gave the parameters height and area.
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II. Export of Tracks for ChromQuest
ChromQuest is able to import ASCII files with a specific header. Therefore, each track was
saved as ASCII text file.
The header was as follows:
Version: 3 Version number of ChromQuest.
Maxchannels: —
Sample ID: foo Name of the sample (arbitrary).
Vial Number: —
Data File: —
Method: —
Volume: —
Pretreat Name: —
User Name: —
Acquisition Date and Time: 01.11.2011 Date (arbitrary).
Sampling Rate: 1
Total Data Points: 231 Pts. Has to be adapted! Number of values for the x-axis in
ChromQuest.
X Axis Title: —
Y Axis Title: Pixel Caption of the y-axis (arbitrary).
X Axis Multiplier: 1
Y Axis Multiplier: 1
3.18 — The values start from here on.
2.25 —
9.71 —
II-1. The values had to be written in reversed order.
II-2. The sheet was saved for each track as text file:
foo-stripes-BG_Gamma_Track_x.asc
The previous steps II-1 and II-2 were implemented as VisualBasic macros in Excel.
II-3. In ChromQuest a new sequence was created. Each file was imported as one HPLC run.
II-4. Then, each track was opened as a curve and saved via “Utilities” → “Save trace...” as
.dat-file: foo-stripes-BG_Gamma_Track_x.dat
The previous steps II-3 to II-4 might be implemented as macros using the ChromQuest Tool kit.
II-5. After this conversion, the HPTLC tracks were evaluated exactly like an HPTLC run.
The macro bundle and a step-by-step documentation (currently in German) are available from
the authors on request.
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4.2.5 HPTLC
Plates were 20 x 10 cm HPTLC silica gel plates (Merck, Darmstadt, Germany). Plates were
precleaned by development to the top with methanol and dried for 30 minutes on a TLC heater
(CAMAG, Muttenz, Switzerland). Application was performed using Linomat 5 (CAMAG) with
a 100 µL syringe, application rate 150 nL/s, bandwidth 6mm, distance from the bottom of the
plate was 8mm, distance from the sides of the bronopol plate 9mm, Kathon CG plate 10mm,
distance between tracks was 11.6mm (bronopol) and 14.6mm (Kathon CG), respectively.
Plates were developed with the appropriate solvent and preconditioning with methanol using
the AMD2 (CAMAG), migration distance 50mm. For detection, luminising Vibrio fischeri
bacteria were cultivated using the bioluminex kit (ChromaDex, Santa Ana, CA, USA). Plates
were dried for 30 – 45min at 120 °C on a TLC plate heater (CAMAG, Muttenz, Switzerland) and
then immersed for 1 s in the bacteria solution using the DC-Tauch-Fix II (Baron Laborgeräte,
Insel Reichenau, Germany) and a glass dip tank (Desaga, Wiesloch, Germany). Excess bacteria
solution was removed by placing a filter paper onto the wet TLC plate and wiping gently over it
with a wiper. Images were taken using the BioLuminizer 1.0 (CAMAG), exposure time 55 s.
A standard of 1.1 µg/mL bronopol (bromo-2-nitro-1,3-propanediol, Sigma-Aldrich) in methanol
was applied. Application from left to right was 1.71, 2.28, 2.85, 3.42 µg bronopol. The plate was
developed with methanol/CH2Cl2/n-hexane (10/60/35).
Standard was Kathon CG (a mixture of 0.38% methylisothiazolinone and 1.22% methylchloro-
isothiazolinone, Fluka) with a concentration of 2.4 ng/µL methylisothiazolinone and 7.2 ng/µL
methylchloroisothiazolinone. Applied amount was 12 ng and 36 ng, respectively, and the solvent
was 2-propanol/CH2Cl2/n-hexane (1/4/2).
4.3 Results and Discussion
4.3.1 Method Description
The method described was put into practice by using only programs which already existed at
our laboratory (Excel, ChromQuest, VideoScan) or were freeware (Gimp, ImageMagick).
Integration was performed using two established programs, i. e., VideoScan and ChromQuest.
VideoScan is an image evaluation program for (HP)TLC, to which the corrected values could
be imported as “image”. This evaluation was suitable for routine applications. ChromQuest
is an HPLC software used for in-depth evaluations; tracks can be tested for peak height,
peak area, peak width, peak asymmetry, or signal-to-noise ratio. These parameters are very
helpful for judging the quality of a separation method, which, however, cannot be calculated by
VideoScan.
The principle of the workflow is shown in Figure 4-1.
The new export procedures were of great advantage. Since Excel did not offer the necessary
integration tools, evaluation could only be performed via setting maximum values as peak
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Figure 4-1: Principle of the workflow. 1. Track selection, 2. Cutting, 3. Conversion from image to
numbers, 4. Calculation of the Γ-value, 5a. Export to VideoScan, 5b. Export to ChromQuest.
heights. Without any baseline correction, however, this was somewhat arbitrary, especially
when the baseline was drifting or dipping below zero.
As an alternative for using VideoScan, other image evaluation software were tested. These
were ImageJ (http://rsbweb.nih.gov/ij/) and the gel electrophoresis software AlphaEaseFC
version 3.3.0 (Alpha Innotech). But the evaluation tools available in these programs were not
considered to be enough user friendly. Also, a (background) correction via inhibition values, as
originally intended, was not possible in these programs.
Practically all steps for which automation was possible were simplified by macros, so only track
selection and the import into ChromQuest had to be done manually. With the macro bundle,
the evaluation could be used routinely. A great advantage of the macro bundle apart from
simplification was, that all intermediate steps and files were saved, rendering all steps traceable
from a peak maximum in ChromQuest or VideoScan through the Excel sheets to the original
image.
The additional manual steps which were necessary in ChromQuest could be simplified using
the ChromQuest toolkit which can be purchased from the distributor.
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4.3.2 Explanations on the Workflow
The width of 7 pixels for the tracks was chosen because it was a good compromise between
getting a lot of information and still having a manageable amount of data. A reduction of
data was necessary because Excel could only handle up to 65’536 rows and 256 columns. For
example, a 20 x 10 cm HPTLC plate with 17 sample tracks and 18 background tracks and a
height of 245 pixels (equal to 45mm) needed 60’025 rows for each track due to the conversion
of the image into a text file.
Since the images were black and white, RGB values for the Red, Green and Blue channel were
the same. Only one channel was therefore used for the calculation of Γ-values.
After the calculation of Γ-values, only values of 9 or less could be converted to an image file.
Higher values were not used because the Γ-values increased exponentially.
It was also not possible to keep the floating point of the Γ-values. They had to be rounded
because image values have to be integer and positive.
Since no negative image values are possible, the minimum Γ-value was added to all Γ-values
which set the minimum value to zero. All other values were calculated relatively.
4.3.3 Comparability
To check the comparability and correctness of the two methods, a test picture with clear zones of
defined color and an even background was drawn in Gimp and then processed like a real photo
including the calculation of Γ-values in Excel and exported to VideoScan and ChromQuest.
For each data pair Excel-VideoScan and Excel-ChromQuest a ratio f was calculated according
to Equation 4a (VideoScan) and Equation 4b (ChromQuest). The factors and the test image
itself are shown in Table 4-1.
fVideoScan = Γgrayscale value
6
⋅ 100 (4a)
fChromQuest = ΓChromQuest value ⋅ 100 (4b)
Inhibition values Irel and Γ-values are linked by Equation 3 and were calculated in Excel. The
question was, if the Γ-values and their ratios, respectively, remained the same after conversion for
export into VideoScan and ChromQuest. This could be confirmed, especially for inhibition values
higher than 10% the converted ratios for each data pair differed only slightly (Table 4-1).
The Correlation in Detail
For VideoScan, the ratio fVideoScan differed due to the conversion into 256 gray scales. In a
sheet with inhibition values in steps of 0.5 from 2 to 90% (smaller values than 2% did not
make sense since the calculation was a division by zero), the average factor over all values
was 3.54 with a standard deviation of 7.2% and a median of 3.53. These differences occurred
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Table 4-1: Test picture for compatibility testing and its maximum values and the differences due to
conversion. Maximum heights were obtained from the Excel Γ-value spreadsheet by looking for the
highest values at the according height. From VideoScan and ChromQuest, the peak heights were
taken without any correction. Track width in VideoScan was 6 pixels.
Peak No. Excel (%) Excel Γ VideoScan fVideoScan ChromQuest fChromQuest
1 89.8 8.81 1500 881 3.52 1.00
2 80.4 4.10 696 410 3.53 1.00
3 70.6 2.40 408 240 3.53 1.00
4 60.8 1.55 264 155 3.52 1.00
5 51.0 1.04 174 104 3.59 1.00
6 41.2 0.70 120 70 3.50 1.00
7 31.4 0.46 78 46 3.52 0.99
8 21.6 0.28 48 28 3.44 0.98
9 11.8 0.13 24 13 3.33 1.03
10 9.0 0.10 18 10 3.30 0.99
11 2.0 0.02 6 2 2.00 1.00
Figure 4-2: Overlay of the chromatograms obtained with Excel, VideoScan and ChromQuest. To
overlay all curves, screenshots were taken, the curves scaled and the color was changed to patterns.
Differences in line thickness are due to the processing steps, which were necessary for curve adjustment.
Solid black curve: Excel, dashed curve: ChromQuest, dotted curve: VideoScan
mainly for Γ-values corresponding to less than 10% inhibition. According to literature,[2] only
inhibition values between 10 and 90% were used for the cuvette test. Applying these limits
here too, and calculating the factor only for values from 10% to 90%, the average was 3.53, but
the standard deviations shrunk to 2.68%. The median was then 3.53. It could be concluded
that the differences due to conversion were negligible.
For ChromQuest, the deviations in factors were small. They occurred due to rounding which was
only an issue for very small inhibition values. Using the sheet as described above for VideoScan,
the average factor for all Γ-values from 2 to 90% was 1.00, the standard deviation 1.85%,
and for values from 10 to 90% the average remained and the standard deviation was 0.7%.
Therefore, the conversion did also not change the result in a relevant way.
By overlaying the chromatograms obtained with Excel, VideoScan, and ChromQuest, no
differences could be observed (Figure 4-2).
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Figure 4-3: HPTLC plate image of bronopol chromatography.
4.3.4 Videoscan Correction vs. Method Described
An example for the effectiveness of the new method compared with the most suitable background
correction available with the image evaluation program VideoScan is shown in the example of
Figure 4-3.
On this plate, bronopol was applied in increasing concentrations. The substance migrates very
close to the β-front of the solvent. It was expected, however, to give a viable calibration curve
since the β-fronting was a horizontal interference over the whole HPTLC plate, which would be
compensated for during calculation.
First, the original photo taken with the BioLuminizer was evaluated with VideoScan using the
background correction Track Borders. Figure 4-4 shows an overlay of the chromatograms of the
four tracks. The big bronopol peak could hardly be integrated because of positive and negative
phantom peaks and other interferences which were not corrected. This made it very difficult to
get a correct baseline.
After correcting the image using the method described in this paper, the curves were much
smoother, the peaks more clearly defined, the run of the baseline was more easily visible; noise
was reduced and the strong β-fronting was corrected in a way that it did not interfere with the
peaks any more (Figure 4-5).
Figure 4-6 shows the peak heights and area and the calibration curve of the plate. After
correction with VideoScan Track Borders, no calibration could be done with the curve drawn
with the peak height because the values spread too much. Using area, the result was slightly
better but not satisfying. However, calibration via peak height and area was very good using
the described method.
4.3.5 Advantages Using ChromQuest
For method development it might be necessary to describe the separation in detail. For that
purpose, the export to ChromQuest can be used. An example is given for the separation of
methylisothiazolinone and methylchloroisothiazolinone (Figure 4-7). The HPTLC plate shows
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Figure 4-4: Overlay of track chromatograms of the bronopol run as shown in Figure 4-3. Evaluation
was done using VideoScan with background correction Track Borders. Track width was 38 pixels.
Figure 4-5: Overlay of track chromatograms of the bronopol run in Figure 4-3 after correction using
the method described in this paper. Evaluated using VideoScan, background correction None and a
track width of 4 pixels.
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Figure 4-6: Comparison of the evaluation using the method described and the VideoScan correction
Track Borders. In both cases, a manual baseline was set. The curves obtained with the new method
could serve for calibration, the ones obtained with the Track Border correction were not satisfying.
Top: Height values, bottom: area values. Solid black line: Track Borders correction, dotted gray line:
new method.
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Figure 4-7: Curve obtained for the show track using VideoScan and the Track border correction (solid
black line left) and the new method (dotted line right). For the new method the curve was obtained
with VideoScan, correction None. Applied was a mixture of methylisothiazlinone (upper zone) and
methylchloroisothiazolinone (lower zone).
several horizontal interferences, which were perfectly compensated for. Peaks were only detected
where a spot was actually visible.
The corresponding chromatographic parameters obtained from calculations by ChromQuest
are presented in Table 4-2. The values height, area, and width depended on the amount of
data points and could only be interpreted in comparison with other HPTLC tracks, whereas
for the interpretation of asymmetry and signal-to-noise HPLC data from experience could
be applied. Thus, an asymmetry of 1.08 for the small methylisothiazolinone peak and 0.98
for the methylchloroisothiazolinone peak were within a good range. This also applied to the
signal-to-noise ratio, which was at least 3.0 for the methylisothiazolinone peak, thus the peak
could clearly be identified.
Table 4-2: A selection of parameters evaluated using ChromQuest for the track shown in Figure 4-7.
MI MCI
amount in [µg] 1.2 3.6
Height 21 69
Area 124 570
S-N (6 sigma) 3.0 9.7
S-N (ASTM) 4.2 13.9
Asymmetry 1.08 0.98
Asymmetry (10%) 1.07 0.93
Width 13.0 19.0
Width at 5% height 12.4 15.2
Width at 10% height 11.8 13.3
Width at 50% height 5.4 8.0
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4.4 Conclusions
An effective and reasonably fast quantitative evaluation makes HPTLC-bioluminescence coupling
much more attractive for research and routine analysis. Now the method can be controlled and
evaluated very effectively.
Furthermore, having the possibility to evaluate tracks with ChromQuest and thus having the
same evaluation program as for HPLC increases the value of HPTLC in general and particularly
its coupling with bioluminescence detection.
The method with the macro bundle is already in use at the laboratories of both authors.
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Abstract
High-performance thin-layer chromatography (HPTLC) coupled with bioluminescence detection
using Vibrio fischeri bacteria can be used for screening for unknown substances. This is
accomplished by dipping the HPTLC plate in an aqueous bacteria solution. Especially polar
substances, however, can start to dissolve during this process, which leads to blurring and tailing
of the zones on the plate. To overcome this disadvantage, we applied the bacteria solution by
rolling. This method has been described for chemical derivatizations, but is very rarely used.
The rolling device was made of commercially available household articles. Using octhilinone and
methylparaben as test compounds, rolling was compared with dipping. Despite of performing
the rolling process manually, the results were reproducible. Depending on the substance and
its amount on the HPTLC plate, peaks were narrower, up to a factor of 4 higher and with a
higher signal-to-noise ratio than after dipping.
5.1 Introduction
High-performance thin-layer chromatography (HPTLC) coupled with bioluminescence detection
is a method for obtaining information on how a living organism, in this case Vibrio fischeri
bacterium, responds to a substance. V. fischeri is a common marine bacterium, which luminizes
under suitable conditions. It’s respiratory chain is linked to the energy-consuming luminescence
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Figure 5-1: HPTLC plate with increasing amounts of the preservative octhilinone after dipping.
Amounts from left to right: 0.8 µg, 2.3 µg, 4.7 µg, and 7.8µg.
system. In case of an interference with the respiratory chain, e. g. because of exposure to toxins,
the luminescence decreases [1]. Being robust and non-pathogenic, V. fischeri is a useful organism
in an analytical laboratory, usually cultured in a saline liquid medium.
V. fischeri bacteria have been used for the waste water cuvette test according to DIN EN
ISO 11348 [2], the result is a sum parameter of the cumulative effect of all substances in
the sample. When screening for toxic compounds, this sum parameter can be misleading,
because some substances inhibit the luminescence while others enhance it, which could result
in a compensation of the effects. Major progress was achieved by coupling this test with a
previous separation of compounds using HPTLC [3-6]. This not only allowed for a screening of
individual compounds, but also provided the means to compare a biotest with conventional
physicochemical detection. The method was used for various applications, e. g., for the detection
of melamine [7], the biological activity of berberine containing drugs [8], the screening of waste
water or the detection of unknown bioactive by-products [9], screening for bioactive components
of photodegraded UV filters in sunscreens [10] and for screening for new bioactive components
in marine sponges [5].
The workflow for HPTLC using bioluminescence detection consists of sample application and
separation on the HPTLC plate, dipping of the dried plate in the bacteria solution and detection
of the bioactive spots using a CCD camera. A black and white photo is obtained. Inhibiting
substances appear as dark zones on a brightly luminizing background, enhancing substance zones
luminize even brighter. The photo can be evaluated qualitatively (visually) or quantitatively
[11,9].
Despite of a short dipping time, dark spots often show strong tailing and blurring when higher
concentrations of compounds are applied (Figure 5-1) [12,13].
Besides dipping, spraying with chemical derivatizing agents is commonly used to visualize zones
of compounds [12,13]. This technique is not applicable for V. fischeri, because homogeneous
application was not possible and the bacteria were harmed resulting in a poor luminescence
[14]. A rather unknown method, the so-called overpressure derivatization is also described for
chemical visualization, however, not for the biodetection of compounds [15-18].
To overcome the problems, we developed a superior, yet simple method of applying V. fischeri
bacteria homogeneously on an HPTLC plate using a rolling device.
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Figure 5-2: Schematic of the rolling device: (1) saran wrapped roll, (2) pad, (3) cutting board, (4) stop
bar, (5) HPTLC plate and (6) forerun.
5.2 Experimental
5.2.1 Rolling Device and Procedure
Materials
Wooden rolling pin, saran wrap (polyethylene), window cloth, half stocking (100% polyamide),
cutting board (polyethylene), plastic tray, adhesive tape (all items commercially available in a
supermarket); used HPTLC plate.
Implementation
The following numbers refer to Figure 5-2, which shows a scheme of the rolling assembly and
its components. The wooden rolling pin was coated with saran wrap to protect the wood
from getting wet (1). Then, a piece of window cloth, size approximately 25 cmx 15 cm for
20 cmx 10 cm HPTLC plates, was applied as a pad onto the rolling pin (2) and held in place by
encasing the complete roll into a stocking and fastening it with a knot.
A plastic cutting board was used as a support for the HPTLC plate (3). A stop bar was attached
on the board using a strip of glass fixed with adhesive tape (4). For the rolling process, the
HPTLC plate (5) was aligned with the stop bar layer side up with the application zone facing
away from it. A glass plate roughened with carbide for better friction was used as a forerun.
This was placed on the opposite side of the HPTLC plate (6). The roll was put on a tray where
it was soaked with V. fischeri bacteria suspension. The tray served as containment and as a
reservoir in which the roll could be gently rolled 3 – 4 times to achieve a homogeneous spreading
of the bacteria suspension. The roll was then moved to the forerun in such a way, that it stood
on the first few centimeters of the pad, the pad facing the HPTLC plate and stop bar.
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In one uniform movement applying adequate pressure (approx. 160N) and adequate velocity
(approx. 460mm/s), the roll was completely rolled over the HPTLC plate until the end of the
cutting board.
The HPTLC plate was taken from the cutting board and the back side cleaned with a tissue.
The HPTLC plate was placed into the BioLuminizer, and the exposure time was started.
Between consecutive rolling, the cutting board and forerun were wiped dry and the roller wetted
again with bacteria solution.
An assembled roller could be used for several HPTLC plates a day. If the time interval between
two rolling procedures exceeded 30min, the whole tray with the roll was stored in a refrigerator
at about 8 °C and taken out a couple of minutes before use. At the end of the day, everything
was disassembled, thoroughly washed with tap water, rinsed with ethanol and left to dry at
room temperature. For continued use, only the saran wrap was sometimes renewed and the pad
exchanged once in a while due to its crumbling.
5.2.2 Process
Materials and Equipment
20 cmx10 cm HPTLC silica gel glass plates (Merck, Darmstadt, Germany); TLC heater III
(CAMAG, Muttenz, Switzerland); Linomat 5 (CAMAG); automated multiple development
device AMD2 (CAMAG); TLC Scanner 3 (CAMAG); SmartCut (CAMAG); immersion device
(CAMAG); BioLuminizer 1.0 (CAMAG); LUMIStherm (Hach Lange, Rheineck, Switzerland);
LUMIStox 300 (Hach Lange); Filter paper 0.34mm (Whatman, Bottmingen, Switzerland);
ChromQuest HPLC software (Thermo Scientific); vortex (Bender&Hobein Genie); ultrasonic
bath (Bandelin Sonorex); centrifuge (Heraeus Biofuge primo); flat bottom chromatography
chamber; Derivapress (AR2i, Le Plessis Robinson, France).
Bacteria, Chemical Solution and Sample
Bioluminex kit (ChromaDex, Santa Ana, CA, USA); octhilinone (2-octyl-4-isothiazoline-3-
one, 99%, Fluka/ Sigma-Aldrich); methylparaben (methyl 4-hydroxybenzoate, > 98%, Fluka/
Sigma–Aldrich); caffeine (Sigma–Aldrich, Buchs, Switzerland); methanol (Merck, Darmstadt,
Germany); dichloromethane (Sigma–Aldrich); 2% aqueous sodium chloride solution; skin care
cream (commercially available product) with methylparaben as the only declared preservative.
Standard solutions were prepared by dissolving octhilinone (0.77 g/L), methylparaben (1.07 g/L),
and caffeine (1.0 g/L)), respectively, in methanol. Skin care cream samples (0.5 g) were dissolved
in 20mL methanol using a vortex and an ultrasonic bath. After centrifugation for 5min at
4000U/min, the supernatant was used for HPTLC analysis.
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Chromatography for Standard Substances
HPTLC plates were precleaned in a chromatography chamber by development to the top with
methanol and dried for 30min at 120 °C on a TLC heater. Application was performed using
a Linomat 5 with a 100 µL syringe, application rate was 150 nL/s, bandwidth 6mm, distance
from the bottom of the plate was 8mm, distance from the outer sides was 12mm.
To achieve the same conditions for dipping and rolling, tracks were applied on a 20 cmx 10 cm
plate, leaving an empty track in the middle where it could be cut in half after drying. Distance
between tracks was between 12.1mm and 14.1mm, depending on the number of tracks.
Seven tracks per half were applied: six tracks being either octhilinone, methylparaben or the
care cream solution, and one track being 2 µg of caffeine as a reference track.
For quantitative evaluation of high concentrations of octhilinone, only six tracks could be
applied totally due to the large inhibiting zones.
Application was as follows:
• Octhilinone: 2µg caffeine, 0.1 µg, 0.5µg, 1.0µg, 2.0µg, 2.5µg, 3.0µg and – for evaluation of
the high concentrations – 2µg caffeine, 1.0µg, 1.5 µg, 2.0 µg, 2.5 µg and 3.0µg.
• Methylparaben: 2 µg caffeine, 0.1µg, 0.5 µg, 0.7 µg, 1.0 µg, 1.5 µg and 2.0µg.
• Skin care cream: 0.1µg, 0.3 µg, 0.7 µg methylparaben standard solution as well as 3 sample
tracks of 2µL sample solution; track 1 (0.1 µg methylparaben) was overspotted with 2µg
caffeine.
Plates were developed using the AMD2. The mobile phase consisted of dichloromethane,
preconditioning was performed with methanol, migration distance was 50mm. Plates were dried
for 60min at 60 °C on a TLC plate heater.
For skin care cream analysis, plates were scanned using the TLC Scanner at 260 nm, then cut
in half using the SmartCut.
Biodetection and Evaluation
Luminizing V. fischeri bacteria were cultivated from the Bioluminex kit according to manual.
The luminescence of the bacteria was checked before use by adding 10 µL bacteria suspension
to a cuvette containing 2mL of a cooled 2% sodium chloride solution (15 °C, cooling block
LUMIStherm). The relative luminescence capacity (Irel mode) of the suspension in the cuvette
was measured immediately with a specific photometer (LUMIStox, measuring instrument for
luminescent bacteria tests).
Dipping into the bacteria solution was performed with the immersion device at speed level 5
(4.5 cm/s), immersion time set at 0 s. Excess bacteria solution was removed by placing a filter
paper onto the wet TLC plate and wiping gently over it with a wiper.
Rolling was performed according to subsection 5.2.1.
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Images were taken using the BioLuminizer 1.0, exposure time 55 s. The offset and gain corrections
were set in the automatic mode. Gradient adjustment was black/white, Squeeze was set at
zero.
The photos were evaluated quantitatively according to literature [11,9] with the ChromQuest
HPLC software. Tracks, for which it was not possible to define a background without interference
from adjacent zones were not used for evaluation. This was the case for the tracks 2.0 µg, 2.5 µg
and 3.0 µg of the octhilinone scheme 1.
For calculation of the amount of methylparaben in the cream sample, three methylparaben
standard tracks served for calibration on each plate. For each sample track, the measured value
was entered into the calibration equation, and the result converted into percent methylparaben
in the sample.
System Control and Calibration
Before applying the bacteria onto the HPTLC plate, the relative luminescence capacity was
measured. The bacteria could be used, if the Irel value was greater than 500. After taking the
BioLuminizer image, the gain value indicated, if the bacteria luminized properly on the HPTLC
plate. This was the case, when the image did not appear to be grainy or pixelized, and the gain
value was about 5 – 20. Also, we routinely used 2µg of caffeine as a reference track on all plates
to check the detection quality and chromatography; the caffeine had to be visible as a gray
zone.
5.3 Results and Discussion
When analyzing polar substances, we encountered the problem that, despite of the shortest
possible immersion time, some substances showed a strong tailing after dipping. Poor chroma-
tography as a cause for peak tailing could be excluded, because dipping of an HPTLC plate
without prior chromatography also showed tailing of the spot. The possibility, that tailing was
an artifact of the wiping process was excluded by wiping in different directions.
In a first attempt,we tried to use the Derivapress, a device which is based on the stamping
method [15-18]. But this method did not work for the purely aqueous bacteria suspension, as it
did not wet the HPTLC plate homogeneously. However, with some effort it was possible to
achieve at least a result showing that the observed tailing was definitely a problem of dipping.
5.3.1 Comparability of Images
Originally, it was not intended to use the BioLuminizer for quantitative evaluations. Thus,
it was necessary to ensure the comparability of the BioLuminizer photos. Our luminescence
control ensured a minimal bacteria fitness, however, it was not possible to standardize the
V. fischeri cultures. Therefore, the system varied and the HPTLC plates covered with the
bacteria did not luminize equally.
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Table 5-1: Gain and offset values of all HPTLC plates.
Offset Gain
Dipping Rolling Dipping Rolling
Amount of tests: 30 30 30 30
Minimum 1507 1510 2.47 2.70
Maximum 2157 1535 17.33 20.78
Median 1523 1519 9.33 7.24
Average 1549 1521 9.12 8.22
Standard deviation 116 7 3.83 3.83
Relative standard deviation 7.5% 0.5% 43.0% 46.6%
The BioLuminizer software, however, converted the raw data from the camera not only into an
image, but also normalized it in brightness and set the information zero light to black. This
process uses two parameters: The gain value gave the spreading of the histogram and thus the
level of amplification. The lower the value, the brighter the plate. The offset value shifted the
whole color scale so that zones of no light detected corresponded to black in the image. It was
mainly device and temperature dependent.
The offset values were practically the same for all plates both for dipping and rolling. Gain
values of the evaluated plates varied more, but were within the same range (approximately
2 – 20) both for dipping and rolling (Table 5-1). The automatic gain value was sufficient, because
(minor) deviations did not effect the gamma values, only unreasonably settings had an effect
(photo completely over- or underexposed). Figure 5-3 shows the gamma values of two peaks on
a very bright and on a rather dark HPTLC plate in correlation with (manually changed) gain
values.
For our work, we used evenly illuminated images. Usually, the gain value was between 5 and 12.
Photos with excessive gain values tended to become grainy due to the high amplification of the
luminescence. It could be assumed, that in this case something went wrong or the bacteria did
not luminize properly. Such plates were not further evaluated.
For the comparison of the photos, it could be concluded, that the BioLuminizer in combination
with the evaluation according to literature [11,9] could be used for quantitation. The obtained
photos and the corresponding data were adequate for our purpose.
5.3.2 Handling in Dipping and Rolling
Normally, wiping is performed without a filter paper between the HPTLC plate and the wiper,
but previous qualitative experiments in our laboratory showed, that the reproducibility was
better when a filter paper was used. To make sure, that this had no effect on the result, two
plates of octhilinone and methylparaben, respectively, were dipped and wiped with or without
filter paper. The gamma values after quantitative evaluation for wiping without filter paper
were within the distribution of values obtained by wiping with filter paper. No tendency to
higher peaks could be observed. Thus we assume, that both ways a loss of substance occurred,
either by the filter paper or by the wiper. Some wiping was necessary, because without it the
plate remained too wet and became unacceptably blurry.
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Figure 5-3: Peak heights (gamma values) at different gain settings of (a) an originally bright (gain 2.7)
and (b) originally dark (gain 20.78) HPTLC plate. Dashed line, L: left spot, highest amount; solid
line, R: right spot, lowest amount (both without baseline correction). Amount from left to right: 3.0,
2.5, 2.0, 1.5 and 1.0 µg of octhilinone.
For the dipping process, the highest speed was chosen to minimize the time of contact between
plate and aqueous solution and, therefore, the risk of dissolving compounds from the plate.
To wet the rolling device properly for the rolling of 10 cmx 10 cm plates, approximately 80mL
of bacteria solution were needed. Once the device was wet, approximately 5mL of bacteria
solution were necessary to re-wet the pad for every additional plate. Excess solution from
previous wetting or from the rolling process could be reused. For dipping, approximately 350mL
of V. fischeri solution were needed, which could be reused, too.
For all results, it has to be kept in mind, that rolling was always done manually, while dipping
was performed using an automated device.
5.3.3 Standard Substances
For the comprehensive evaluation of the rolling method and for comparison with dipping, the
two preservatives octhilinone and methylparaben were applied in varying amounts.
The following quantitative parameters were evaluated using ChromQuest: Height, Area, Asym-
metry (10%), Width at 10% height, S/N (ASTM) and S/N (6 sigma).
Statistical examination of the data series for each parameter showed, that values were approxi-
mately normally distributed (Lilliefors test [19], level of significance 99%). An F-test on the
comparability of the variances at 5% displayed, that the variances of the data series were
usually not comparable. Therefore, an adapted t-test for incomparable variances was performed
(Welch test, [20], level of significance 95%).
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Figure 5-4: Typical BioLuminizer images of octhilinone (top) and methylparaben (bottom) HPTLC
plates after dipping (left) and rolling (right). Applied amount of octhilinone from left to right: 3.0,
2.5, 2.0, 1.5 and 1.0µg; applied amount of methylparaben from left to right: 2.0, 1.5, 1.0, 0.7, 0.5 and
0.1µg.
Since the experiments to obtain the data for the standard substances were carried out on
different days in different months and with different bacteria cultures, the calculated deviations
not only considered repeatability but also reproducibility.
Octhilinone
The BioLuminizer images after dipping and rolling of the developed plates exhibited much
sharper and clearer zones of octhilinone without any tailing, when the rolling device was used
(Figure 5-4).
The quantitative evaluation (Table 5-2) resulted in standard deviations of about 5–20% for
most parameters and both methods.
Only signal-to-noise ratios showed higher standard deviations, especially for dipping (dipping:
approx. 40%, rolling: approx. 30%). Relative standard deviation values of this magnitude are
acceptable for a biological system. Comparison of the evaluated parameters proved, that for
high amounts of octhilinone (1.0µg and higher), rolling was significantly better than dipping.
The higher the applied amount of octhilinone, the stronger the advantage of rolling; peak
heights increased up to a factor of 1.8. Ratios of peak width (dipping/rolling) were in favor of
the rolling procedure: peak broadening was more pronounced with dipping, especially at higher
concentrations, which is reflected in the blurring of the zones (Figure 5-5). Signal-to-noise ratios
were up to a factor of 2 higher after rolling than after dipping. Only minor differences could be
observed for peak areas. Despite a visible tailing after dipping, this impression was not reflected
by the asymmetry values.
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Table 5-2: Quantitative parameters of octhilinone HPTLC plates. Std. dev.: standard deviation;
Rel. std. dev: relative standard deviation.
Dipping Rolling
Amount per
zone [µg] Average Std. dev.
Rel. std.
dev. [%]
No. of
plates Average Std. dev.
Rel. std.
dev. [%]
No. of
plates
Height
0.5 163 22 13.2 9 138 31 22.5 9
1.0 281 52 18.4 18 358 58 16.2 18
1.5 384 29 7.6 9 542 37 6.7 9
2.0 445 17 3.9 9 668 45 6.7 18
2.5 467 52 11.1 9 769 49 6.4 18
3.0 511 68 13.3 9 859 63 7.3 18
Area
0.5 1196 234 19.5 9 942 227 24.1 9
1.0 2524 531 21.0 18 2507 507 20.2 18
1.5 3832 505 13.2 9 4084 685 16.8 9
2.0 4664 530 11.4 9 5228 612 11.7 18
2.5 5543 638 11.5 8 6430 729 11.3 18
3.0 6565 771 11.7 8 7477 693 9.3 18
Width at 10% height
0.5 0.20 0.01 7.1 9 0.19 0.02 8.6 9
1.0 0.24 0.02 7.8 18 0.20 0.02 10.2 18
1.5 0.28 0.03 9.9 9 0.20 0.02 9.1 9
2.0 0.30 0.03 8.6 9 0.21 0.01 6.8 18
2.5 0.33 0.03 9.6 9 0.23 0.02 6.6 18
3.0 0.35 0.04 12.3 9 0.23 0.01 6.3 18
Asymmetry (10%)
0.5 1.01 0.14 14.1 9 0.95 0.07 7.4 9
1.0 0.92 0.06 6.9 18 0.94 0.04 4.5 18
1.5 0.91 0.08 8.4 9 0.95 0.12 12.1 9
2.0 0.91 0.05 5.8 9 0.95 0.05 5.3 18
2.5 0.90 0.06 6.5 9 0.96 0.05 5.0 18
3.0 0.95 0.08 8.7 9 0.95 0.09 9.3 18
S/N (ASTM)
0.5 18.2 4.2 22.9 9 16.4 3.4 21.0 9
1.0 31.5 13.5 42.8 17 51.3 22.6 44.1 17
1.5 49.2 20.6 41.9 8 74.1 20.0 27.0 9
2.0 52.2 19.8 37.9 8 87.7 26.4 30.1 18
2.5 54.5 21.4 39.3 8 99.5 29.5 29.7 18
3.0 60.1 24.6 40.9 8 115.7 29.9 25.9 18
S/N (6 sigma)
0.5 11.8 2.3 19.4 9 10.7 2.5 22.9 9
1.0 21.5 8.6 40.1 17 34.4 14.8 43.0 17
1.5 31.5 13.2 41.8 8 54.0 15.9 29.5 9
2.0 35.4 12.5 35.2 8 58.5 17.1 29.3 18
2.5 37.8 11.2 29.6 8 66.8 19.4 29.0 18
3.0 39.0 19.9 51.0 8 77.9 19.7 25.2 18
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Figure 5-5: Densitogram overlay of two tracks of dipping (dotted line) and two tracks of rolling (solid
line); 3.0 µg of octhilinone.
Polynomial calibration using peak heights led to steeper curves for rolling, while the differences
between the curves using peak area were only minor (Figure 5-6). The steeper the curve, the
better the sensitivity of the method. Coefficients of determination (R2) of all curves were at
least 0.99. The lowest applied amount of 0.1 µg was excluded from calibration, because peaks
were too small for a reasonable integration.
We suppose, that octhilinone, being slightly soluble in water (0.48 g/L at 25 °C [21]), starts to
dissolve partially from the plate when dipped in the aqueous bacteria solution. This not only
results optically in spot bleeding or blurring, but also leads to lower values, especially for peak
heights. The phenomenon is more pronounced the higher the amount of compound applied.
It can be explained with the lesser binding of octhilinone on the silica layer with increasing
amounts. Peak area integration also covers the blurred parts of the zones, which was not the
case for the peak height or signal-to-noise ratio, hence the peak area was closer to the values
obtained with rolling.
Methylparaben
As found for octhilinone, the BioLuminizer images of the methylparaben plates presented
quite blurry zones after dipping, whereas rolling resulted in much darker and clearer zones
(Figure 5-4).
The visual impression was confirmed by the results of the quantitative examination (Table 5-
3). Due to very low signal intensities, the lowest applied amount of 0.1µg methylparaben
could also not be used for evaluation. All peak heights, peak areas and signal-to-noise ratios
were significantly higher with rolling than with dipping (approximately a factor of 4). With
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Figure 5-6: Calibration curves of octhilinone (top) and methylparaben (bottom): peak height (left)
and peak area (right) vs. amount per zone. Rolling: light grey points and dashed curves; dipping:
dark grey points and dotted curves. Data series were very slightly shifted to make sure no points are
hidden.
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dipping, the peaks were also usually slightly wider (factor 1.1 – 1.2 for parameter width at 10%),
while there was no difference in the peak asymmetry for both methods. Standard deviations
were usually higher with dipping than with rolling. With dipping, they were about 10 – 30%,
depending strongly on the amount of methylparaben and the specific parameter, while for
rolling, standard deviations were between 5 and 20% and did not depend very much on the
amount per zone.
In contrast to octhilinone, the calibration diagrams of methylparaben are quite similar for peak
height and peak area, respectively, while the curve for rolling was about a factor of 4 higher and
also steeper than the curve for dipping. This effect can be explained with the water solubility
of methylparaben (2.5 g/L at 25 °C [21]), being more readily soluble than octhilinone. Hence,
independent from the amount applied, a certain fraction of methylparaben always dissolved in
the bacteria suspension in the case of dipping. Subsequent dilution of methylparaben in the dip
tank was probably very high, because an effect on the V. fischeri bacteria was not observed.
Cosmetic Sample
To test the method with a real sample, a skin care cream was chosen, only containing methyl-
paraben as a preservative. Our attempt was to determine the amount of methylparaben using
HPTLC-bioluminescence both with dipping and rolling and to compare these data with the
results obtained with conventional HPTLC using a UV scan.
In general, the methylparaben concentrations obtained with dipping differed more from the
corresponding UV value than those obtained with rolling (Table 5-4), regardless of the evaluation
method (peak height or peak area). Furthermore, chromatograms obtained with rolling were
more suitable for evaluation, because with higher peaks it was easier to establish a baseline,
resulting in a higher reproducibility.
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Table 5-3: Quantitative parameters of methylparaben HPTLC plates. Std. dev.: standard deviation;
Rel. std. dev: relative standard deviation.
Dipping Rolling
Amount per
zone [µg] Average Std. dev.
Rel. std.
dev. [%]
No. of
plates Average Std. dev.
Rel. std.
dev. [%]
No. of
plates
Height
0.5 77 22 28.2 9 332 64 19.4 9
0.7 94 27 29.4 9 404 71 17.7 9
1.0 108 29 27.2 9 483 82 16.9 9
1.5 131 36 27.1 9 574 97 17.0 9
2.0 159 44 27.5 9 691 120 17.4 9
Area
0.5 605 179 29.6 9 2424 486 20.0 9
0.7 788 224 28.4 9 3179 616 19.4 9
1.0 935 244 26.1 9 3959 678 17.1 9
1.5 1264 338 26.7 9 5212 934 17.9 9
2.0 1597 449 28.1 9 6408 1119 17.5 9
Width at 10% height
0.5 0.24 0.02 9.8 9 0.20 0.01 4.3 9
0.7 0.25 0.05 20.0 9 0.21 0.01 4.6 9
1.0 0.24 0.02 8.2 9 0.22 0.01 4.5 9
1.5 0.27 0.02 7.3 9 0.24 0.01 3.7 9
2.0 0.27 0.01 4.5 9 0.24 0.01 3.6 9
Asymmetry (10%)
0.5 1.01 0.14 13.6 9 0.93 0.08 8.2 9
0.7 0.93 0.11 11.3 9 0.92 0.09 10.2 9
1.0 0.88 0.10 11.4 9 0.91 0.07 7.2 9
1.5 0.89 0.10 11.7 9 0.84 0.07 8.7 9
2.0 0.86 0.08 9.0 9 0.87 0.06 7.0 9
S/N (ASTM)
0.5 8.6 3.4 39.1 9 41.1 6.2 15.0 9
0.7 10.3 4.0 38.5 9 45.9 8.8 19.2 9
1.0 11.0 4.4 40.0 9 55.2 7.5 13.7 9
1.5 13.5 4.7 34.5 9 63.9 11.4 17.8 9
2.0 18.5 6.8 36.6 9 70.6 13.9 19.7 9
S/N (6 sigma)
0.5 6.0 2.5 42.1 9 27.0 4.2 15.4 9
0.7 6.9 2.7 39.6 9 31.8 6.3 19.7 9
1.0 7.5 3.0 39.9 9 36.5 5.5 14.9 9
1.5 9.4 3.0 32.0 9 44.0 6.7 15.2 9
2.0 12.6 4.4 34.6 9 47.2 8.2 17.3 9
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Table 5-4: Concentration of methylparaben in a care cream sample, determined by UV scan and
V. fischeri assay using dipping and rolling of bacteria suspension.
UV 260 nm Dipping
Plate Track Amountin %
Average
in % Std. dev.
Rel. std.
dev. [%]
Amount
in %
Average
in %
Std.
dev.
Rel. std.
dev. [%]
A 1 0.32 0.32 0.003 1.1 0.31 0.33 0.065 19.4
2 0.32 0.28
3 0.31 0.41
B 1 0.31 0.29 0.021 7.1 0.24 0.27 0.030 11.0
2 0.30 0.29
3 0.27 0.29
C 1 0.26 0.24 0.029 12.3 0.30 0.25 0.052 20.5
2 0.24 0.26
3 0.20 0.20
UV 260 nm Rolling
Plate Track Amountin %
Average
in % Std. dev.
Rel. std.
dev. [%]
Amount
in %
Average
in %
Std.
dev.
Rel. std.
dev. [%]
A 1 0.33 0.30 0.038 12.7 0.32 0.31 0.013 4.3
2 0.32 0.31
3 0.26 0.30
B 1 0.32 0.32 0.004 1.3 0.31 0.32 0.019 5.9
2 0.31 0.32
3 0.32 0.35
C 1 0.29 0.29 0.002 0.6 0.30 0.30 0.002 0.8
2 0.29 0.30
3 0.29 0.29
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5.4 Conclusion and Outlook
With the present study we introduced rolling as a very simple and yet superior alternative for
the application of V. fischeri bacteria onto HPTLC plates. Although, up to now, rolling was
only performed manually, results were much better concerning repeatability and sensitivity
than those obtained with the immersion device for dipping. In cooperation with the University
of Applied Sciences of Northwestern Switzerland, we are currently realizing a mechanical device
for the rolling process. The aim is to achieve more precise adjustments concerning pressure and
speed, and hence to increase reproducibility.
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6.1 Foreword
This project was based on the results of our manual rolling technique chapter 5 on page 36
for applying Vibrio fischeri on HPTLC plates. Manual rolling worked well, however it strongly
depended on the person who did it, and it was not possible to control pressure and speed of
rolling. To find out, if automatization has an influence on the result, the idea of an automatic
rolling device came up.
We then launched a cooperation with the School of Engineering of the University of Applied
Sciences and Arts Northwestern Switzerland (FHNW). Under the technical supervision of
Prof. Dr. Eng. Urs Bopp, an engineering student, Ken Wippich, made the concept, construction
and finally built the prototype as a semester project and bachelor thesis.
6.2 Requirements given by the State Laboratory
The aim was to apply an aqueous solution (the Vibrio fischeri suspension) homogeneously
onto an HPTLC plate. This can be done quite successfully by manual rolling. However, for a
scientific evaluation of the method it is necessary to change only one parameter at a time and
to reproduce these conditions. This is not possible when humans are involved.
Requirements for Roller:
• adjustable pressure (variable for wetting of roller and application of suspension on plate)
• adjustable speed
• wetting of the pad on the roller must be homogeneous
Requirements for Material used:
• non-toxic for Vibrio fischeri (especially solvent tank)
• easy to clean (washable)
• pad easily exchangeable
• components corrosion-resistant
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Dimensions:
• approx. 60 x 40 x 20 cm
Other Requirements:
• suitable for two plate sizes (10 x 10 cm and 10 x 20 cm)
• suitable for (HP)TLC glass plates and aluminium foils
• optional tank cover
Nice to have:
• all components which come in contact with the bacteria suspension should be autoclavable
• PTFE coating of the components
• automatic measurement of the cell density and/or the luminescence
• temperature of the bacteria suspension in the tank adjustable to 15 °C
• stirrer or additional oxygen supply for the tank
6.3 Description of the Project
The following is the excerpt of the summary of Ken Wippich’s Bachelor Thesis at the University
of Applied Sciences and Arts Northwestern Switzerland, supervised by Prof. Dr. Eng. Urs Bopp
[1].
Translated excerpt from [1]
Starting Point
It is the aim to get a hint on bioactive and thus toxic substances in an arbitrary sample
(food, cosmetics, consumer goods etc.). Therefore, the sample is separated by HPTLC and
detected by the luminescent bacterium Vibrio fischeri.
Up to now, the plate was dipped into the bacteria suspension. However, the drawback of
this technique is that water-soluble substances can be (partially) dissolved by the aqueous
bacteria suspension, leading to blurring or bias the sample.
As an alternative to dipping, Dipl.-LMChem. V. Baumgartner of the State Laboratory
Basel-City tested the manual application with a roll, leading to considerably improved
precision of the results.
Aim of the Project
Based on the concept study of “Projekt 5”a, it is the aim of this Bachelor thesis to build a
machine which, after inserting the plate, applies the bacteria suspension automatically and
homogeneously on the plate. After the process, it should be possible to remove the plate as
easy as possible and without damaging the surface.
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Realization
Author’s note: See Figure 6-1.
To imitate the established manual rolling process as precisely as possible, the HPTLC plate
was sunk in the rolling platform, and the roll with the pad was moved over it with the help
of a belt drive. A spur rack assured the even rotation of the roll, while the use of a step
motor for the belt drive provided the needed precision. Controlled pressure application was
achieved by a spring-loaded support of the roll, which could be adjusted manually. The
pressure was put on a linear guiding.
Being a prototype, rolling velocity and the applied amount of suspension could be varied.
Furthermore, there was a rolling area between the wetting place and the HPTLC plate,
where different plates could be inserted for subsequent suspension dosage and homogeneous
dispersion on the roll. The suspension could be applied directly from the Erlenmeyer flask
on the roll. Excess amounts ran off through a drain at the end of the rolling plate in some
flask.
aAuthor’s note: “Projekt 5” is a student’s project which is carried out during the 5th semester.
Figure 6-1: View of the finished prototype, graphics from [1].
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6.4 Commissioning at the State Laboratory Basel-City
The rolling device was delivered and commissioned. Figure 6-2 on the following page shows the
final device.
First tests of the rolling device showed that it worked and that it was now possible to change
one parameter at a time and keep the others constant. This was not possible with manual
rolling.
Parameters which could be varied were:
• Pressure of the roll onto the HPTLC plate (scale 0 – 10, corresponds to 0 – 200N).
• Speed of rolling (scale 0 – 10, corresponds to 5 – 500mm/s).
• Use of an inlay plate as a fore-run before the HPTLC plate. Options were: no fore-run,
smooth plate, fluted plate, holed plate.
• Amount of bacteria suspension on the pad (scale 0 – 10).
• HPTLC plate inserted directly or with an underlay (e. g. glass plate of the same thickness
as the HPTLC plate).
After extensive testing, we found that the device does indeed work, the handling is very easy,
and the parameters as described above can be quickly changed.
The best result was achieved with a medium pressure of 3 (60N), a suspension amount of 5
(pad dripping wet), a velocity of 2 (104mm/s), no inlay plate and an underlay (TLC plate with
the layer washed off) under the HPTLC plate.
From the first tests, it turned out quickly that the inlay plate was not necessary, which means
that this space is not needed and the rather large device (67 cm long, 45 cm wide and 33 cm
high) could be reduced by 20 cm in length.
6.5 Conclusion
In the end, automation of the rolling process and the tests with variations of the parameters
did not give results, which were superior to manual rolling.
Additionally, it helped to understand, which parameters are essential for the successful appli-
cation of bacteria suspension by rolling: The pad on the rolling pin must be soaked wet, and
rolling must be performed with “appropriate” speed and pressure, otherwise wetting is not
homogeneous.
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(a) Control panel.
(b) Side view 1. (c) Side view 2.
(d) Front view. (e) Rear view.
Figure 6-2: Rolling device prototype.
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Abstract
One of the tasks of food law enforcement authorities is to supervise the composition of cosmetics.
In the case of mouthwashes they are likely to contain (labeled or unlabeled) antimicrobial
compounds. Conventional analysis like high-performance liquid chromatography (HPLC) and
gas chromatography (GC) only shed light on a compound’s structure, but not on its biological
function. In this study, we demonstrate that the task of detecting antimicrobials in mouthwashes
can be streamlined using the luminescent bacterium Vibrio fischeri as a biodetector coupled
with high-performance thin-layer chromatography (HPTLC) as a pre-separation method. The
employment of subsequent conventional techniques could then be restricted to fractions with
proven V. fischeri toxicity. Samples were separated in parallel on silica gel and amino layer
HPTLC plates, developed with a solvent system containing tertiary butyl methyl ether and
n-hexane and dried on a plate heater. After applying V. fischeri onto the HPTLC plate,
zones of interest were extracted from a parallel plate and identified by HPLC-UV or GC-mass
spectrometry. The reaction of V. fischeri to more than 40 standard substances which might be
present in mouthwashes was determined. Based on this information, six commercially available
mouthwashes were analyzed. The workflow proved to be viable for an effect-directed screening
for antimicrobial compounds. The analysis of mouthwashes revealed that not only declared
preservatives are used (sodium benzoate, cetylpyridinium chloride) but also other compounds,
especially constituents of essential oils. Because their main purpose is flavoring of the mouthwash,
they are summarized as “aroma” (anethole, carvone, menthol, thymol) which is in compliance
with legal restrictions.
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7.1 Introduction
Mouthwashes are cosmetics that are often recommended as a valuable element of oral hygiene
to help prevent bacterial plaque, gingivitis and parodontitis [1-3]. They are basically aqueous,
alcoholic or aqueous/alcoholic solutions of drug extracts, essential oils, sweeteners, tensides,
emulsifiers, colorants, as well as antibacterial and anti-cavity agents [1,4].
One of the tasks of food law enforcement authorities is to supervise the composition of cosmetics
with special emphasis on additives like antimicrobial agents and colorants, because some
are banned or otherwise restricted in use due to toxicological properties. The declaration of
ingredients is mandatory for cosmetics. Regarding their function, antimicrobial agents are
expected to be widely used in mouthwashes, which is also substantiated by claims referring to
antibacterial activity.
In annex III of the Swiss ordinance on cosmetics (VKos [5]) more than 60 antimicrobial agents
are registered together with their restrictions for usage. The list, however, is not exclusive as
compounds such as essential oils or alcohols which also possess an antimicrobial activity may
also be used [5].
A comprehensive screening of mouthwashes for antimicrobial agents should be capable of
detecting possibly unlabeled compounds; it must include antimicrobial agents of annex III,
compounds with an antimicrobial activity as a secondary function, as well as the banned agents
of annex IV. We are therefore confronted with the problem of detecting compounds with a
given functionality (antimicrobial) but of unknown identity, where labeling of the components
on the package being incomplete only helps to a certain degree.
The analysis based on the conventional techniques alone, such as high-performance liquid
chromatography (HPLC) or gas chromatography (GC) would require the allocation of every peak
of the chromatogram to a compound followed by an evaluation regarding possible antimicrobial
properties. This would be a rather tedious task if not to say an impractical approach.
An alternative is to first use a biological detector which responds specifically to bioactive
compounds and then to focus on these compounds with GC or HPLC for identification.
The coupling of high-performance thin-layer chromatography (HPTLC) with bioluminescence
detection using the marine bacterium Vibrio fischeri has been described as a method for
detecting and quantifying potentially cytotoxic compounds [6-10]. The procedure involves the
separation of compounds contained in a sample on an HPTLC plate, drying of the plate,
application of the bacteria suspension, and finally detection of compounds using a CCD camera.
Dark zones on a green-blue luminescent plate background give evidence to compounds affecting
the metabolism of the bacteria.
The method was used, e. g., for the detection of melamine [11], the determination of biological
activity of berberine containing drugs [12], the screening of waste water or the detection of
unknown bioactive by-products [9], screening for bioactive components of photodegraded UV
filters in sunscreens [13], and for screening for new bioactive components in marine sponges
[14]. The performance of the method can be enhanced, if rolling is used instead of dipping for
application of the bacteria suspension [15].
In this study, we present a procedure for screening mouthwashes for antimicrobial compounds
using HPTLC coupled with biodetection as a preseparation method, followed by solvent
extraction of the zones of interest and subsequent HPLC or GC analyses for identification and
quantitation.
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7.2 Experimental
7.2.1 Standard Substances
Standard substances were dissolved in methanol, acetone or deionized water depending on the
solubility (Table 7-1).
7.2.2 Chemicals and Solvents
Methanol (p. a., EMSURE), tertiary butyl methyl ether (p. a.), n-hexane (Suprasolv for GC),
sodium chloride (p. a.), acetone (LiChrosolv for LC), sodium dihydrogen phosphate monohydrate
and formic acid (Emsure, p. a.) were obtained from Merck (Darmstadt, Germany), acetonitrile
(Ultra Gradient HPLC Grade) from J.T. Baker (Deventer, The Netherlands), magnesium sulfate
anhydrous from Sigma-Aldrich (Buchs, Switzerland), propylacetate (99+%) from Alfa Aesar
(Karlsruhe, Germany), and phosphoric acid from Fluka (Buchs, Switzerland).
7.2.3 Samples (Composition According to Label)
Sample 1: Aqua, Xylitol, PVP, PEG-40 Hydrogenated Castor Oil, Olaflur, Aroma, Stannous
Fluoride, Sodium Saccharin, C.I. 42051
Sample 2: Aqua, Glycerin, Sorbitol, PEG-60 Hydrogenated Castor Oil, Sodium Benzoate,
Aroma, Sodium Fluoride, Cetylpyridinium Chloride, Citric Acid, Sodium Saccharin,
Limonene
Sample 3: Aqua, Glycerin, Sodium Gluconate, PEG-40 Hydrogenated Castor Oil, Olaflur,
Aroma, Stannous Chloride, Sodium Fluoride, Cocamidopropyl Betaine, Sodium
Saccharin, Hydrochloric Acid
Sample 4: Aqua, Sorbitol, Glycerin, Potassium Chloride, Disodium Phosphate, Propylene Gly-
col, Cocamidopropyl Betaine, Allantoin, Olaflur, Sodium Fluoride, Aroma, Sodium
Saccharin, Citric Acid, Limonene, Sodium Benzoate, C.I. 17200, C.I. 42090
Sample 5: Propylene Glycol, Alcohol, Aqua, Aroma, Polysorbate 20, Sodium Saccharin, Eugenol,
Linalool, Limonene
Sample 6: Propyl Alcohol, Alcohol, Aqua, Aroma, Menthol, PEG-60 Hydrogenated Castor Oil,
Anethole, Sodium Saccharin, Vanillin, Eugenol, Limonene, Citronellol, Geraniol,
Linalool
Samples were analyzed in their ready-to-use form, with the solutions of the samples 1, 2, 3 and
4 taken directly from the bottle. Samples 5 and 6 were concentrates and were therefore first
diluted by 1:10 (1 part of mouthwash plus 9 parts of water) according to instructions.
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Table 7-1: Overview of standard substances and concentration of standard solutions; caffeine served
for method control.
Substance (µg/µL) Solvent Manufacturer
caffeine 1.0 Methanol Sigma-Aldrich, Buchs, Switzerland
4-Hydroxybenzaldehyde 2.3 Methanol Carl Roth, Karlsruhe, Germany
Acesulfame potassium 2.3 Methanol Fluka, Buchs, Switzerland
Anethole 4.2 Methanol Sigma-Aldrich, Buchs, Switzerland
Benzoic acid 2.0 Methanol Merck, Darmstadt, Germany
Bisabolol 2.3 Methanol Carl Roth, Karlsruhe, Germany
Butylated hydroxytoluene 2.0 Methanol Fluka, Buchs, Switzerland
C.I. 42051 (Patent Blue V) 1.2 Methanol Sigma, Buchs, Switzerland
C.I. 42090 (Brilliant Blue FCF) 1.2 Methanol Fluka, Buchs, Switzerland
C.I. 45430 (Erythrosine B) 1.7 Methanol Acros, Geel, Belgium
C.I. 47005 (Quinoline yellow) 1.6 Methanol Aldrich, Buchs, Switzerland
Cetylpyridinium chloride 2.1 Methanol Sigma-Aldrich, Buchs, Switzerland
Chlorhexidine digluconate 200 Water Sigma-Aldrich, Buchs, Switzerland
cis-Cinnamic aldehyde 2.1 Methanol Sigma-Aldrich, Buchs, Switzerland
Citric acid 2.1 Methanol Merck, Darmstadt, Germany
Citronellol 2.1 Methanol Acros, Geel, Belgium
D-Limonene 1.7 Methanol Sigma-Aldrich, Buchs, Switzerland
D-Sorbitol 2.5 Methanol Merck, Darmstadt, Germany
Eucalyptol 2.2 Methanol Fluka, Buchs, Switzerland
Eugenol 2.6 Methanol Sigma-Aldrich, Buchs, Switzerland
Geraniol 2.5 Methanol Sigma-Aldrich, Buchs, Switzerland
Linalool 2.4 Methanol Sigma-Aldrich, Buchs, Switzerland
Menthol 1.1 Methanol Sigma-Aldrich, Buchs, Switzerland
Methyl eugenol 1.0 Acetone Sigma-Aldrich, Buchs, Switzerland
Methyl salicylate 2.0 Methanol Fluka, Buchs, Switzerland
Methylparaben 2.0 Methanol Fluka, Buchs, Switzerland
Olaflur 2.1 Methanol Gaba, Therwil, Switzerland
p-Anisic alcohole 2.3 Methanol Sigma-Aldrich, Buchs, Switzerland
p-Anisic aldehyde 3.2 Methanol Acros, Geel, Belgium
Phenol 2.4 Methanol Sigma-Aldrich, Buchs, Switzerland
Phenoxyethanol 2.3 Methanol Fluka, Buchs, Switzerland
Phenyl salicylate 2.1 Methanol Fluka, Buchs, Switzerland
Polyhexamethylene biguanide 0.5 Methanol Chemos, Regenstauf, Germany
Potassium fluoride 4.0 Water Merck, Darmstadt, Germany
Safrole 1.0 Acetone Sigma-Aldrich, Buchs, Switzerland
Salicylic acid 2.0 Methanol Fluka, Buchs, Switzerland
Sodium benzoate 2.2 Methanol Fluka, Buchs, Switzerland
Sodium fluoride 2.2 Methanol Merck, Darmstadt, Germany
Sodium saccharin 2.0 Methanol Fluka, Buchs, Switzerland
Stannous chloride 2.2 Methanol Merck, Darmstadt, Germany
Stannous fluoride 2.1 Methanol Fluka, Buchs, Switzerland
Thymol 1.1 Methanol Merck, Darmstadt, Germany
Tromethamine (TRIS) 2.0 Methanol Merck, Darmstadt, Germany
Vanillin 2.1 Methanol Fluka, Buchs, Switzerland
Zinc chloride 2.4 Methanol Fluka, Buchs, Switzerland
7.2.4 Sample Preparation for Direct Gas Chromatography Analysis
Ready-to-use mouthwash solutions were diluted by adding 4mL of acetone to 1mL of sample
solution and dried with 0.5 µg of magnesium sulfate. After centrifugation (4min, 800 rpm in
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a Heraeus Biofuge primo, Heraeus, Hanau, Germany) the supernatant was filtered through a
membrane filter (PTFE 13mm, 0.2 µm, Wicom, Heppenheim, Germany) with 1mL single use
syringes (Codan, Rødby, Denmark).
7.2.5 Vibrio fischeri Cultivation
Vibrio fischeri bacteria (LUMISmini luminescent bacteria LCK 484, Hach-Lange, Rheineck,
Switzerland) were reactivated according to the manual and cultivated in 250mL of culture
medium according to [16] in a 500mL Erlenmeyer flask with stir bar on a magnetic stirrer at
approximately 300 rpm at room temperature. The bacteria could be used after approximately
2 days of incubation. Bacteria were sub-cultivated for approximately 2 weeks by transferring an
aliquot of 5mL brightly luminizing bacteria into 300mL fresh medium.
The luminescence of the bacteria was checked before use. For this, 10 µL of the bacteria
suspension was added to a cuvette containing 2mL of a 2% aqueous sodium chloride solution
kept at 15 °C in a cooling block (LUMIStherm, Hach-Lange) and measured immediately with a
LUMIStox 3 luminometer (Hach-Lange) in the Irel mode (relative luminescence). The bacteria
were used, if the Irel value was greater than 500.
7.2.6 High-Performance Liquid Chromatography (HPLC-DAD)
A Dionex Ultimate RS 3000 UHPLC gradient system with a DAD detector was used and
controlled by Chromeleon 6.8 software (Dionex, Olten, Switzerland). Separation was performed
on a reversed-phase UHPLC column (Acquity UHLC BEH Shield RP-18, Waters, Dättwil,
Switzerland) with a pre-filter KrudeCatcher (Phenomenex, Torrance, CA, USA). Mobile phase
was an aqueous 1.2% sodium hydrogen phosphate buffer at pH 2.7 (A) and a mixture of 10%
acetonitrile in methanol (B). Flow was 1.2mL/min. Gradient (A/B): 83.5/16.5 (0–9min) –
45/55 (9–14min) – 28.5/71.5 (14–14.3min) – 1/99 (14.3–16.2min) – 83.5/16.5% (16.2–19min).
Injection volume was typically 10µL. Measurement with the DAD was performed at 200 nm–
800 nm, measurement wavelengths were 225, 260 and 290 nm, respectively.
7.2.7 Gas Chromatography-Mass Spectrometry (GC-MS)
A PolarisQ GC-MS system (Thermo Finnigan, Austin, TX, USA) equipped with a PAL autosam-
pler (CTC Analytics) was used. The transfer column (1.0mx 0.25mm I.D., methyl deactivated,
J&W 160-2255-10) was operated at 280 °C. Data recording and evaluation was performed with
Xcalibur V.1.4 (Thermo Finnigan) software and a NIST MS Search 2.0 database.
Injection volume was 3.0µL with splitless injection (220 °C, splitless time 0.5min, split flow
10mL/min). The detector was operated in EI mode (trap offset=10, AGC target=50, high
mass adjust= 50%); mass range 50 – 500 u in full scan mode; ion source temperature 220 °C.
For rapid screening, a 30m ZB-5 column (0.25mm I.D., 0.25µm film, Phenomenex) was installed.
The carrier gas was helium at a flow rate of 1.0ml/min (constant with vacuum compensation).
Temperature program: 70 °C (1min) – 30 °C/min – 280 °C (2min). The enhanced method
according to [17] used a 60-m DB-35 fused silica column (0.32mm I.D., 0.25µm film, J&W,
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Agilent Technologies, Palo Alto, CA, USA) with a retention gap (1.0mx 0.32mm I.D., phenyl-
methyl deactivated, BGB Analytik, Adliswil, Switzerland). Carrier gas was helium at a flow
rate of 1.5ml/min (constant with vacuum compensation). Temperature program: 40 °C (2min) –
20 °C/min – 150 °C (0min) – 1.0 °C/min – 160 °C (13min) – 20 °C/min – 275 °C (3min) –
30 °C/min – 320 °C (5min).
7.2.8 High-Performance Thin-Layer Chromatography (HPTLC)
HPTLC was performed on 20 x 10 cm HPTLC silica gel F254 glass plates as well as on 20 x 10 cm
and 10 x 10 cm HPTLC NH2 F254s glass plates (Merck, Darmstadt, Germany). HPTLC plates
were pre-developed to the top in a flat bottom chromatography chamber (CAMAG, Muttenz,
Switzerland) with methanol/water (4+ 1) and dried for at least 30min at 120 °C on a TLC plate
heater III (CAMAG). For device control, data recording and evaluation, WinCats 1.4.3.6336
software (CAMAG) was used. Sample application was performed with a Linomat 5 (CAMAG)
with a 100µL syringe: bandwidth 6mm, 8mm distance from the lower edge, 12mm distance
from left edge, 6mm track distance. The application rate was 50 nL/s. Depending on the
standard, between 0.2 and 10µg were applied. For samples, 1, 3 and 10 µL were used. As a
check for the detection quality, 2µg of caffeine were applied on each plate.
On plates for extraction, 10 µL of the ready-to-use mouthwash solutions and – as a reference
track – 2µg of caffeine overspotted with 0.2 µg of methylparabene were applied in an identical
pattern on both halves of the HPTLC plate.
Chromatography for both silica gel and amino plates was performed in an AMD2 (CAMAG)
with tertiary butyl methyl ether/n-hexane (20+80) and methanol for preconditioning. After
development, plates were dried on a TLC plate heater (CAMAG) at 60 °C for 30min.
Plate images were taken with a Reprostar 3 (CAMAG) at 245 nm and 366 nm. Optionally, a
TLC scan was performed with a TLC Scanner 3 (CAMAG) from 200 to 400 nm in 50 nm steps
with automatic baseline correction set at the lowest slope.
For biodetection, bacteria were applied onto the HPTLC plate by rolling according to literature
[15]. Images were taken using the BioLuminizer 1.0 (CAMAG), exposure time 55 s, offset and
gain corrections were set in the automatic mode, gradient adjustment was black/white, squeeze
was set at zero. Usually, at least 15 images were taken with a trigger interval of 1min. Images
were evaluated visually with the associated BioLuminizer software.
7.2.9 Extraction of Zones
A grid was carefully drawn on the dried plate with a soft pencil. Vertical lines were drawn
through the center of the application zones, horizontal lines were drawn at intervals of 5mm
starting from the application zone. Then, the HPTLC plate was cut in two halves with the
SmartCut (CAMAG) and biodetection was performed on one half. With the help of the grid, the
positions of the zones of bioactive compounds could be transposed and marked with pencil on
the other half. The marked zones were extracted with acetonitrile using the TLC-MS interface
with an oval extractor head (CAMAG). Extraction was performed with the pump from the
HPLC system as described above at a flow rate of 0.150 µL/min. During extraction, the first
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10 s went into the trash, and the sample was collected for 30 s into a glass vial with insert. The
first and last extraction on each HPTLC plate was made on a blank track. The analysis of the
extract was carried out with HPLC-DAD and GC-MS.
In cases of low concentrations near the limit of detection, a manual extraction was performed.
For this, 200 µL of the ready-to-use mouthwash sample were applied as a 90mm zone onto silica
gel plates (two zones per plate). Development and drying were performed as described above,
and a grid was drawn on the plate. A 1.5-cm-wide section was cut from the left and right side
of the HPTLC plate and biodetection was performed on these two strips. The BioLuminizer
image helped to establish the exact position of the zone of interest.
Using a sharp metal spatula, the layer of the plate was scratched from the glass plate (a band of
approximately 0.5 cm in height and 7.5 cm in length). As a blank, a band of the same size was
scratched out from a part of the HPTLC plate where no substance was present. The scratched
out layer material was collected in a vial, 500 µL of either acetonitrile (for HPLC-DAD) or
n-propyl acetate (for GC-MS) were added, and the vial was sonicated for 10min. The solution
was filtered through a membrane filter (PTFE 13mm, 0.2µm, Wicom) and used for analysis.
7.3 Results and Discussion
7.3.1 Standard Substances
Mouthwashes contain many different substances, among them colorants, preservatives and
flavoring agents [4]. For the development of an HPTLC screening, 44 substances from various
chemical classes were selected, which were either labeled on mouthwashes or, based on our
experience with the analysis of cosmetics, were presumed to be possibly present and might have
an antimicrobial effect.
Method development followed general recommendations described in literature [18, 19], starting
with single solvents from different substance classes, which were mixed with n-hexane or
methanol in further steps, until the separation was fit for purpose. Separation was performed
in parallel on two layers with different selectivities (silica gel and amino) in order to maximize
information obtained during the preliminary screening process and to enhance the tentative
allocation of a zone to a compound.
The best separation on both layers was achieved with a mixture of tertiary butyl methyl ether
and n-hexane with a methanol preconditioning, resulting in well-defined zones distributed over
the whole migration distance (Figure 7-1).
For vanillin and the structurally related 4-hydroxybenzaldehyde, two zones were detected on
silica gel, which could be traced back to a prolonged storage of the standards dissolved in
methanol. The contaminants that formed the upper zones were tentatively identified by GC-MS
as the dimethyl acetals with molecular ions at m/z 198 and 168, respectively.
The bacteria’s response differed from substance to substance, and inhibition intensity was
also time-dependent for several compounds (Figure 7-1). The greatest changes in intensity
(gains or drops, depending on the compound) were observed during the first few minutes after
application of the bacteria suspension. These changes were linear and leveled off after 10 – 15min.
64
Part II 7 Screening for Antimicrobials in Mouthwashes using HPTLC-Bioluminescence Detection
(a)
(b)
Figure 7-1: Plate images of standard substances detected by V. fischeri on silica gel (a) and amino
plates (b). Images taken immediately (lower plate) and after 15min (upper plate). Caffeine was applied
as a positive control.
*The application of potassium fluoride failed on that plate. Therefore, the track was copied from
another, identical plate.
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Substances needing more time for a response to V. fischeri were neglected in favor of having a
good separation and sharp zones. Depending on the substance, the zones on the plate started
to blur within a few minutes after applying the bacteria suspension.
However, even in the relatively short time of 15min different cases of time dependency were
observed. An enhancement of the darkness of the zone was observed for cetylpyridinium chloride,
chlorhexidine digluconate, and potassium fluoride on both layers, for bisabolol, C.I. 45430,
sodium saccharin, and thymol on silica gel, and for butylated hydroxytoluene on amino plates.
The reverse effect, when the zone gets brighter than the background, was found for butylated
hydroxytoluene on silica gel while an almost complete disappearance of the dark zone after
the elapsed time resulted for linalool and methyl salicylate on both layers, but for p-anisic
aldehyde and anethole only on silica gel and amino plates, respectively. Rather blurry zones
were formed by citronellol, methyl eugenol, and cinnamic aldehyde on both layers, by eugenol,
geraniol, and phenyl salicylate on silica gel, and by p-anisic aldehyde and bisabolol on amino
plates. Together with the retention factor (RF) values, these effects could additionally be used
for tentative identification.
When comparing the toxicity of the tested compounds to V. fischeri on silica gel, it turned out
that nearly all compounds of essential oils immediately had a strong effect on the bacteria. This
is not surprising as essential oils, respectively their components, are known to be microbicidal
[20] as for example is reported for anethole [21], eugenol [20], menthol [22], thymol [20], safrol
[23], vanillin [24, 25], or cinnamic aldehyde [20]. Only limonene and eucalyptol showed no effect
on V. fischeri luminescence.
The luminescence was also inhibited very quickly by the preservatives benzoic acid, methyl-
paraben, phenol, phenoxyethanol, and phenylsalicylate. However, for the antiseptics cetylpyri-
dinium chloride and chlorhexidine digluconate, an effect was only seen when they were applied
in high amounts of at least 10µg and only after about 15 minutes. This might be a result of their
mode of action. Chlorhexidine digluconate seems to have a rather low effect on Gram-negative
bacteria [26] (V. fischeri is Gram-negative). Polyhexamethylene biguanide [27], showed no
inhibiting effect on silica gel, but did so on amino plates.
Some of the colorants, especially C.I. 45430 (erythrosine B) also affected V. fischeri, while only
weak V. fischeri toxicity was observed for olaflur and the inorganics, such as zinc chloride,
stannous chloride, and stannous fluoride. These substances are claimed as being especially
effective against bacterial plaques.
Concerning the two different layer types, V. fischeri responses were comparable except for seven
substances. Although all these compounds were detected on both layers by UV illumination,
no V. fischeri response was observed on amino plates for benzoic acid, sodium benzoate,
salicylic acid, sodium saccharin, and vanillin, while polyhexamethylene biguanide and butylated
hydroxytoluene did not produce a dark zone on silica gel. To have an effect on V. fischeri,
it is necessary that the substances are able to get to or into the bacteria. If they are bound
too strongly to the HPTLC plate, no effect will be observed. This was obviously the case for
the weak acids (benzoic acid/sodium benzoate, salicylic acid, sodium saccharin) on the anion
exchanging amino layer. Weak acidic properties can also be attributed to vanillin (pKa 7.4) not
showing an effect on amino plates, while for 4-hydroxybenzaldehyde (pKa 7.7) the effect on
amino plates was less than on silica gel. As a strong base, polyhexamethylene biguanide could
have been retained by the silica gel layer.
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(a) (b)
Figure 7-2: Plate images of samples on silica gel (a) and amino plates (b) after V. fischeri detection;
image taken after 10min (top), image taken immediately (bottom).
Application of 10 µL of the ready-to-use solutions, numbers correspond to the mouthwash sample ID.
To check the robustness of the method, experiments with standard substances were repeated for
single substances from time to time, and a comprehensive check was performed after 6 months.
Comparison of the UV densitograms of UV active substances showed proof that RF values as
well as peak shapes and heights remained unchanged. In addition, no significant differences in
inhibition of luminescence were observed, neither on silica gel nor on the amino layer.
Drying of the plates before the application of V. fischeri was a critical step of the procedure. On
the one hand, solvents used for the chromatographic separation must be completely eliminated
by applying a minimum of heat. On the other hand, compounds on the plate may degrade
upon heating in contact with air or even evaporate from the plate. Heating the plates at 60 °C
during 30 minutes was established to be the mildest conditions for adequate solvent elimination.
To check for a possible degradation or evaporation of compounds, UV scans of the tracks
were performed at multiple wavelengths before and after heating of the plates. The obtained
densitograms generally revealed only negligible differences in peak heights or peak shapes.
7.3.2 Samples
For the analysis of mouthwash samples, ready-to-use solutions were applied onto HPTLC plates
and separated, followed by V. fischeri detection (Figure 7-2).
Identification of the substances causing dark zones was carried out by extracting the zones from
a second plate without V. fischeri detection, and then analyzing the extract with HPLC-DAD
and GC-MS. Prior scanning of the HPTLC plate gave additional information. Figure 7-3
illustrates the workflow.
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Figure 7-3: Workflow of the identification of V. fischeri toxic substances in mouthwashes. For demon-
stration, an anethole zone was chosen because it is visible in all methods. Based on the biodetection
image, the zone could be linked via its RF value to the HPTLC scan (shown at multiple wavelengths)
and UV spectrum on the HPTLC plate. Furthermore, the respective zone from the untreated part
of the plate was extracted and analyzed by HPLC-DAD and GC-MS. The illustration shows the
chromatograms of the extracted fraction and of the entire mouthwash sample as well as the according
MS or UV spectrum. For HPLC-DAD the chromatogram is an overlay of the measurement wavelengths,
while for GC-MS the total ion chromatogram is shown.
68
Part II 7 Screening for Antimicrobials in Mouthwashes using HPTLC-Bioluminescence Detection
Figure 7-4: Identified bioactive compounds in mouthwash samples on silica gel plates. For this figure,
the images of the silica gel plate in Figure 7-2 were cut and the tracks rearranged. Left lane is the
image taken immediately, right lane the image taken after 10min.
n. e.: not extracted
For the GC-MS identification of substances causing a V. fischeri inhibition, mass spectra
were run through a search using a commercially available library containing 190’000 spectra.
Identification by HPLC-DAD was performed using the in-house library containing about 600
substances. In case of doubt, verification was performed by comparing spectra and retention
times with a reference compound. This usually proved to be successful for at least one of the
systems.
HPTLC zone extracts analyzed with GC and HPLC often contained more than one compound.
This was due to both the higher separation performance of GC and HPLC and the fact that
adjacent zones could not always be perfectly extracted individually. If more than one compound
was found or if a compound was not one of the standards tested for bioactivity, we evaluated RF
values and V. fischeri responses with corresponding reference substances. With this procedure,
we usually could allocate a zone of inhibition to a single compound responsible for the effect.
The exceptions were zones located on the application line (RF=0), where more than one
bioactive compound could be found, e. g. sodium saccharin, benzoic acid, and cetylpyridinium
chloride in sample 2. Differentiation via their behavior over the time did not help as all three
substances got more intense after 15min.
All substances causing V. fischeri inhibition in the studied samples (Figure 7-4) could be
identified with HPLC-DAD or GC-MS. The TLC scan gave only additional information about
UV active compounds like the exact RF value and the UV spectrum, which supported the
results from the other techniques. Identification was mainly performed with fractions extracted
from silica gel plates due to the better separation. Extraction from amino plates was used if
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results obtained were unclear. This was the case for the identification of eugenol in the presence
of menthol because on silica gel, the eugenol zone was only slightly above the menthol zone,
while on amino plates, eugenol was a clearly separated zone at RF 0.2 (Figure 7-1). Extraction
with the TLC-MS interface worked well for most substances. Only in case of thymol a higher
concentration was required for GC analyses. Therefore, the samples containing the zone in
question were applied in higher volumes and as a long band. The zone of interest was then
scratched out and extracted with propyl acetate.
As a proof of principle and to avoid any false identification of inhibiting compounds, it was
checked if the substances responsible for V. fischeri inhibition were also directly detectable by
HPLC or GC. As a result, all substances identified after HPTLC could also be found in the
directly injected sample aliquots.
Table 7-2 gives an overview of the samples and their declared and found ingredients. The results
can be summarized as follows: Declared ingredients without a known antimicrobial effect (either
from literature or from the standards tested) were not found. These were cocoamidopropyl
betaine, glycerin, limonene, olaflur, PEG-40/PEG-60 hydrogenated castor oil, polysorbate 20,
propylene glycol, PVP, sorbitol, and xylitol. The only exception was saccharin, which was
declared and found in all samples, and actually did have an effect on V. fischeri as shown in
the tests with standards. However, no evidence concerning an antibacterial effect of saccharin
was found in literature.
The declared ingredients that dissociate in aqueous solutions (hydrochloric acid, citric acid,
disodium phosphate, potassium chloride, sodium fluoride, sodium gluconate, stannous chloride,
stannous fluoride) could not be identified with the employed HPTLC, HPLC or GC techniques.
From the tests with standard substances, citric acid, stannous chloride, and stannous fluoride
were found to be toxic for V. fischeri.
Some compounds with a known antimicrobial effect (either from literature or from tests with
standard substances) were labeled, but could not be found with the method described. These
were alcohol and propylalcohol, the colorants C.I. 42051 and C.I. 42090 as well as citronellol,
geraniol and linalool. The labeled compounds linalool in sample 5 and citronellol, geraniol and
linalool in sample 6 were found by direct GC analyses of mouthwash samples, but not with
V. fischeri. We assumed that their concentrations were too low. The colorants C.I. 42051 in
sample 1 and C.I. 42090 in sample 4 were detected by direct injection into the HPLC system
and were also found with the TLC scan, but could not be detected after extraction, probably
due to low recovery from the plate. Although labeled, C.I. 17200 (acid red 33) in mouthwash 4
was not even found if the sample was directly analyzed by HPLC. The two concentrates 5 and
6 contained alcohol that was completely evaporated during the drying step and thus did not
influence the bacteria. Alcohol, however, did not serve as a disinfectant in the ready-to-use
mouthwash solution, because instructions for use required a dilution of at least 1:10 resulting
in an alcohol content of 10% at the most, which is far below its disinfecting concentration (50 –
70% for ethanol [28]). Declared antimicrobial substances that were found were cetylpyridinium
chloride, sodium benzoate, and eugenol. On sample 6, although not necessary, the antimicrobial
aroma compounds vanillin [24, 25], anethole [21] and menthol [22] were explicitly labeled and
were actually found with V. fischeri. Although they were not mentioned in the ingredients
list, anethole and menthol were also found in three (samples 1, 3, 5), respectively, in four
(samples 1, 3, 4, 5) of the other mouthwash samples. Carvone was identified in two samples
and is a component of some essential oils [29]. Thymol could only be verified in three samples
70
Part II 7 Screening for Antimicrobials in Mouthwashes using HPTLC-Bioluminescence Detection
Table 7-2: Declared and found compounds of the six mouthwash samples.
1 2 3 4 5 6
Alcohol × ×
Anethole ☆ ☆ ☆ ✓
Aqua × × × × × ×
Allantoin ×
Aroma × × × × × ×
Carvone ☆ ☆
Cetylpyridinium Chloride ✓1
C.I. 42051 ×
C.I. 42090 ×
C.I. 17200 ×
Citric Acid × ×
Cocamidopropyl Betaine × ×
Citronellol ×
Disodium Phosphate ×
Eugenol ✓ ✓
Geraniol ×
Glycerin × × ×
Hydrochloric Acid ×
Limonene × × × ×
Linalool × ×
Menthol ☆ ☆ ☆ ☆ ✓
Olaflur × × ×
PEG-40/PEG-60* × × × ×
Polysorbate 20 ×
Potassium Chloride ×
Propylene Glycol × ×
Propyl Alcohol ×
PVP ×
Sodium Benzoate ✓1,2 ✓1,2
Sodium Fluoride × × ×
Sodium Gluconate ×
Sodium Saccharin ✓ ✓1 ✓ ✓1 ×3 ×3
Sorbitol × ×
Stannous Chloride ×
Stannous Fluoride ×
Thymol ☆ ☆ ☆
Vanillin ✓
Xylitol ×✓ compound is declared and was found with V. fischeri× compound is declared but was not found with V. fischeri☆ compound is not declared but was found with V. fischeri
*PEG-40/PEG-60 Hydrogenated Castor Oil
1in the same zone, 2tailing over the track, 3not extracted 71
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after manual extraction. Its concentration was probably too low (sample 1: 1.2mg/L, sample 3:
1.4mg/L, sample 5: 0.2mg/L). According to literature, thymol has antibacterial properties [20,
30].
Swiss regulations imply, that the fragrance and aroma constituents anethole, carvone, menthol,
thymol, and vanillin may be declared as aroma without further specification [5]. This applies to
all aroma components not listed in appendix III or IV of this regulations.
7.4 Conclusion
With this method, we could demonstrate that the problem of zeroing in on and identifying
V. fischeri toxic compounds out of a vast array of components can be successfully accomplished
by employing a two step approach: step one being screening for V. fischeri toxicity and
step two consisting of the analysis of fractions of interest with conventional chromatographic
techniques.
Using the example of mouthwashes, we showed that once a database with over 40 known com-
ponents was established, the process of identifying V. fischeri inhibiting, bioactive compounds
in real samples using HPTLC as a pre-separation method and bioluminescence detection serves
well as a guideline for subsequent GC or HPLC analyses by indicating on which peaks to
invest time and effort. We could successfully also detect “hidden” compounds of interest which
contribute to an antibacterial effect of mouthwashes.
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8.1 Introduction
In HPTLC coupled with biodetection, dark zones indicate substances which are in some way
toxic for Vibrio fischeri bacteria. To be able to judge our results better, we were interested in
what exactly happens to the bacteria on the HPTLC plate. For the plate background, it can be
assumed that the bacteria are alive and find adequate living conditions, otherwise they would
not show bioluminescence.
The formation of dark zones, however, may have different reasons:
• the bacteria could be dead
• the bacteria could be inhibited (only temporarily?)
• the bacteria could be absent due to repelling effects caused by a hydrophobic substance
within the zone
To our knowledge, no literature exists which deals with this question. Therefore, we discussed
the problem with the microbiology sector of the State Laboratory and decided to choose a
combination of classical microbiological techniques as a first approach.
8.2 Experimental
8.2.1 Cultivation of Bacteria and Media used
Vibrio fischeri bacteria (LUMISmini luminescent bacteria LCK 484, Hach-Lange, Rheineck,
Switzerland) were reactivated according to the manual and cultivated in 250mL of culture
medium (see below) in a 500-mL Erlenmeyer flask with a stir bar on a magnetic stirrer at
approximately 300 rpm at room temperature. The bacteria could be used after approximately
2 days of incubation. Bacteria were subcultivated for approximately 2 weeks by adding 5mL of
brightly luminizing bacteria to 300mL fresh medium.
Liquid medium based on [1] and was prepared by dissolving 30 g sodium chloride, 6.1 g sodium
dihydrogenphosphate monohydrate, 2.1 g dipotassium hydrogenphosphate, 0.2 g magnesiumsul-
fate heptahydrate, 0.5 g diammonium hydrogenphosphate (all Merck, Darmstadt, Germany),
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1.7mL glycerin (87%) (Sigma, Buchs, Switzerland), 5 g peptone from casein, and 0.5 g yeast
extract (both Oxoid, Basingstroke, England) in 1L of distilled water. The pH value was set
to 7.0± 0.2 with 1N sodium hydroxide or 1N hydrochloric acid and autoclaved at 121 °C for
15min.
For the solid medium (agar plates), the composition was the same as for the liquid medium,
additionally, 18 g agar-agar (Oxoid) per liter medium were used. The medium was autoclaved
in a Mediaklav (Vitaris, Baar, Switzerland) at 121 °C for 15min and filled in Petri dishes
(Greiner Bio-One, Frickenhausen, Germany). For round dishes (diameter 10 cm), 16mL, and for
rectangular dishes (10 x 10 cm) 50mL were used.
Before use, HPTLC plates (20 x 10 cm HPTLC silica gel plates, Merck, Darmstadt, Germany)
were predeveloped to the top with methanol (Emsure p.a., Merck) and dried on a TLC plate
heater (CAMAG, Muttenz, Switzerland) for 30min at 60 °C.
Standard solutions of 1 µg/µL of caffeine, 0.1µg/µL and 1 µg/µL of benzylparabene and 1 µg/µL
of methylisothiazolinone (all Sigma Aldrich) in methanol, and 1µg/µL of diethylhexyl adipate
(Merck) in water were prepared.
Standard solutions were applied using an ATS4 device (CAMAG). The standards were applied
as rectangular zones (2 x 2 cm) as a 4 x 3 pattern on the whole plate, the horizontal distance
was from the left border 1.5 cm and between the zones 3 cm, the vertical distance was from the
bottom 0.5 cm and between the zones 1 cm. Amounts for caffeine were 10 µg, 50 µg and 100 µg,
for benzylparabene 1 µg, 5µg and 10 µg, for diethylhexyl adipate 5µg, 20µg and 50 µg, and for
methylisothiazolinone 10µg, 50 µg and 100 µg. The three concentrations per substance were
applied vertically, the highest concentration being at the bottom. The standard solution of
0.1 µg/µL of benzylparabene was used for the zone with the lowest amount of 1µg, the 1-µg/µL
solution was used for the other two zones.
The position of the zones was marked under UV light (254 nm) with a soft pencil. Then, the
plate was cut in two halves. One half was stored in a fridge, the other half was dipped into
the luminizing bacteria solution using a dipping device (CAMAG, speed 5, time 0 sec). A filter
paper was put on the plate and wiped over it gently with a wiper to remove excess bacteria
suspension. Then, an image was taken immediately using the BioLuminizer (CAMAG) with an
exposure time of 55 sec.
8.2.2 Impression Test
For the “impression test”, a 10 x 10 cm HPTLC plate was dipped into the bacteria suspension,
excess bacteria suspension was removed, and the HPTLC plate immediately placed face-down
onto a rectangular agar plate. After one minute, the HPTLC plate was carefully taken away,
and the agar plate was incubated in an oven (Binder, Tuttlingen, Germany) at 22 °C aerobically
and was evaluated periodically within several days.
8.2.3 Pour Plate Method
For the pour plate method, a 10 x 10 cm HPTLC plate was dipped in the bacteria suspension,
excess bacteria suspension was removed, and the HPTLC plate immediately placed in a
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rectangular Petri dish and poured over with melted agar medium cooled to 47.5 °C. Then, the
agar plate was incubated as described above.
8.2.4 Manual Extraction Procedure
Refer to Figure 8-1 on the next page for an illustration of the workflow.
In a safety cabinet, a cotton swab was dipped in a Eppendorf vial containing 500µL of liquid
medium. The substance zone was dabbed twelve times with the swab, the swab was squeezed in
the vial and the zone was dabbed again. This was repeated for all zones and for a blank from
the background. The Eppendorf vials were filled up again to 500µL and put on the Vortex for
few seconds.
Then, 200µL from each vial were plated out on an agar plate and 200µL were pipetted in a
tube containing 5mL of liquid medium. Agar plates and tubes were incubated aerobically in
an oven (Binder) at 22 °C. The vials with the remaining liquid were centrifuged (centrifuge
Eppendorf by Vadaux, Schönenbuch, Switzerland) for 10min with 14’000 rpm at 15 °C. 60µL
of the supernatant were discarded, and the bacteria were resuspended by vortexing.
10 µL were pipetted onto a microscope slide, and Gram staining was performed (Color Gram 2,
Ref. 55542, bioMérieux, Lyon, France). The tube was stored in a fridge at 8 °C, and a drop
from the same vial was used for counting the bacteria in a counting cell chamber (Neubauer
improved, Marienfeld, Lauda-Königshofen, Germany).
The procedure was repeated with the second half of the HPTLC plate. As a blank, a plate
without substances was dipped into pure liquid medium and the procedure performed as
described.
8.2.5 Extraction using the TLC-MS Interface
Bacteria were extracted from the bacteria-covered HPTLC plate using the TLC-MS interface
(CAMAG). The flow was 0.1mL/min, the solvent was a 2% aqueous sodium chloride solution,
and the extracts were collected into Eppendorf vials.
For experiments, different conditions were tested. Variations concerned the extraction time
(1min – 5min), the number of extractions per zone (1 – 3 extractions), as well as the cleaning
run between the extractions (extracting 1min – 5min from a blank plate without bacteria).
In order to avoid drying, parts of the plate, which were not under extraction were covered with
an aluminum foil.
100 µL aliquots of extract were pipetted into a tube containing 5mL medium, 200µL were
plated out on an agar plate, and one drop was used for the counting chamber. Tubes and agar
plates were incubated as described above.
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Figure 8-1: Workflow of the manual extraction procedure.
1 Sample plate. HPTLC plate with standards applied as rectangles, dipped in Vibrio
fischeri.
2 Blank plate. HPTLC plate, dipped in medium without bacteria.
3 Vibrio fischeri culture in Erlenmeyer flask.
4 Transfer/extraction. Dabbing on the zones with a wet cotton swab and washing it out
in an Eppendorf vial containing medium.
5 Extract for further analysis.
6 Tube growth test: Aliquot of (5) is put in a tube with medium.
7 Agar growth test: Aliquot of (5) is plated on agar plates.
8 Concentration step. Vial is centrifuged, an aliquot is discharged and the remain resus-
pended.
9 Vial with the concentrate from (5).
10 Gram staining and microscopic evaluation.
11 Microscopic evaluation of the counting chamber.
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8.2.6 Evaluation of Tests
After Gram staining, the slides were placed under a microscope at an adequate zoom level and
checked for Gram-negative (red), comma-shaped rods.
Counting of the bacteria in the counting chamber was performed approximately 16 hours
after extraction (exact time was noted, storage at 8 °C). For counting the bacteria in the
counting chamber, the chamber was placed under a microscope at an adequate zoom level and
comma-shaped rods were counted.
Agar plates and tubes were checked every 24 hours for 3 to 5 days.
Photos of agar plates were taken with a Reprostar (CAMAG) under white light as well as in
the dark. Photos from agar plates showed blue-green glowing colonies.
Photos of the tubes were taken with the Reprostar at the same conditions. Additionally, the
glow in the tubes was measured with a LUMIStox (Hach-Lange). Therefore, 10µL from the
tube were pipetted into a cuvette containing 2mL of 2% aqueous sodium chloride solution that
was stored in a cooling block (LUMIStherm, Hach-Lange). Then, the glow was measured in Irel
mode.
8.3 Results and Discussion
The aim of this study was to find a way to examine what happens to Vibrio fischeri bacteria on an
HPTLC plate, especially when different chemical substances are present. Therefore, rectangular
zones of standard substances from different chemical groups in varying concentrations were
applied onto the HPTLC plate. Substances were caffeine (polar, inhibiting), benzylparaben
(medium polarity, strongly inhibiting) and methylisothiazolinone (polar, microbicidal) as well
as diethylhexyl adipate, which was chosen as an unpolar, hydrophobic substance that did not
seem to be toxic for Vibrio fischeri.
After application of the substances, the HPTLC plate was dipped into the Vibrio fischeri
suspension, and a photo was taken. This wet plate was the starting point for all subsequent
tests.
The photo of the HPTLC plate covered with Vibrio fischeri bacteria (Figure 8-2 on the following
page) shows, that all substances, which were expected to have an inhibiting effect, appear as
dark zones, the darkness depending on the applied amounts. This experiment already showed
that no effect/inhibition could be observed for diethylhexyl adipate. This unpolar substance was
the most likely to have a repellent effect on the aqueous Vibrio fischeri suspension. However, a
dark zone was not observed for any of the amounts applied. Therefore, it must be concluded
that the Vibrio fischeri suspension can wet these zones equally as well as the background. Thus,
hydrophobic properties of compounds cannot explain the formation of dark zones.
The next attempt was to place the HPTLC plate coated with Vibrio fischeri on an agar plate.
The expectation was, that the bacteria would be transferred onto the agar plate and grow there.
However, no Vibrio fischeri growth could be observed. The experiment was stopped when after a
couple of days unwanted bacteria cultures and mould started to grow. Also, pouring liquid agar
medium over the HPTLC plate did not work because only unwanted bacteria and mould grew.
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1 2 3 4
Figure 8-2: Images of HPTLC plates after Vibrio fischeri detection. (1) caffeine, (2) benzylparaben,
(3) diethylhexyl adipate, (4) methylisothiazolinone, applied amounts increase from top to bottom.
Another approach was the examination of the wet HPTLC plate under a microscope, however,
no bacteria could be seen. This can be explained with Vibrio fischeri being approximately 1µm
long, while the sponge-like porous HPTLC layer structure is about 200 µm thick with a particle
size of about 4 – 8 µm, in which the bacteria seem to disappear.
Since the direct approaches proved to be unsuccessful, an indirect approach was chosen. The
bacteria were first extracted from the HPTLC plate, and then tested for their identity, fitness
and quantity.
After dipping the HPTLC plate into the bacteria suspension, the bacteria were transferred with
a cotton swab from the wet HPTLC plate into an Eppendorf vial containing culture medium.
To check if the extracted bacteria were actually Vibrio fischeri, Gram staining was performed,
which revealed, that the majority of bacteria in the extract were indeed Gram-negative, comma-
shaped rods. Comparing the extracts with Gram-stained bacteria directly from the culture
proved that the bacteria in the extracts were Vibrio fischeri.
An attempt to quantify Vibrio fischeri in the extract was made with the counting chamber. How-
ever, even results from the background varied too much for a decent interpretation (Table 8-1).
No tendency could be derived from any of the values (Figure 8-3 on the following page).
Table 8-1: Background variations: Results after manual extraction for samples taken from the back-
ground part of the HPTLC plate. 45 samples from 13 HPTLC plates were analyzed.
average SD* RSD**
agar plate test, luminizing colonies 38.8 84.8 218%
tube growth test, luminescence (Irel) 18.9 8.9 47%
counting chamber (bacteria/1 µL) 264.1 273.0 103%
*Standard Deviation, **Relative Standard Deviation
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(a) Plates with caffeine and benzylparaben.
Sample from background (BG_CP), and samples from zones with increasing amounts of caffeine (C1,
C2, C3) and benzylparaben (P1, P2, P3).
(b) Plates with diethylhexyladipate and methylisothiazolinone.
Sample from background (BG_AM), and samples from zones with increasing amounts of diethylhexyl
adipate (A1, A2, A3) and methylisothiazolinone (M1, M2, M3).
Figure 8-3: Counting chamber: Comparison of values obtained from the different plates and zones.
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Figure 8-4: Tube growth test after manual extraction in white light (top) and in the dark (bottom):
(1) extraction from blank plate, (2) drop of Vibrio fischeri culture, (3) background, (4 – 9) inhibiting
substance zones (from left to right). Luminescence in samples from inhibiting zones but not from the
background can be explained with irreproducible extraction.
For the tube growth test, an aliquot of extract was pipetted into a tube containing liquid
culture medium. Bacterial growth after incubation showed, that bacteria were indeed transferred
from the HPTLC plate and that they were still able to grow. Turbidity was observed visually,
luminescence was measured with the Luminometer and observed visually in the dark. After a
couple of days, a blue-green glowing ring could often be observed at the surface, which was also
used for identification of Vibrio fischeri (Figure 8-4).
Results of the tube growth test showed that bacterial growth and luminescence could be
observed in all tubes, i. e., from all zones, regardless of which substance in which amount was
formerly applied onto the HPTLC plate. For blank plates (not dipped in Vibrio fischeri culture),
bacterial growth was not observed. No differences were found for the measured Irel values
neither for the applied standard substances and their different amounts nor the background. The
values, however, generally varied strongly and were not reproducible, neither for the background
(Table 8-1 on page 80) nor for the zone extracts from different plates (Figure 8-5 on the next
page).
Plating out an aliquot of the zone’s extracts on agar plates showed that colony-forming units
were present. Vibrio fischeri colonies were identified by their blue-green glow in the dark. On
the agar plates, the colonies could be counted (see Figure 8-6 on page 84). However, as for the
tube growth test and the counting chamber, values varied too much (Table 8-1 on page 80).
82
Part II 8 Microbiological Examination of Vibrio fischeri on the HPTLC Plate
(a) From plates with caffeine and benzylparaben.
Sample from background (BG_CP), and samples from zones with increasing amounts of caffeine (C1,
C2, C3) and benzylparaben (P1, P2, P3).
(b) From plates with diethylhexyl adipate and methylisothiazolinone.
Sample from background (BG_AM), and samples from zones with increasing amounts of diethylhexyl
adipate (A1, A2, A3) and methylisothiazolinone (M1, M2, M3).
Figure 8-5: Luminescence in tubes: Comparison of values obtained from the different plates and zones
after 24 hours incubation.
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Figure 8-6: Agar plates after plating out extracts from substance zones in white light (top) and in the
dark (bottom). Vibrio fischeri cultures can be easily identified as blue-green luminizing colonies.
Nevertheless, these tests showed, that it was possible to transfer viable Vibrio fischeri from
the HPTLC plate into an Eppendorf vial for further tests. From our tests we could show, that
bacteria were transferred from all zones, which means that the dark zones were not just a
result of absence of the bacteria caused by repelling of the suspension. Furthermore, it could
be shown that bacterial growth could even be observed from the darkest zones, indicating
that the bacteria were either only luminescence-inhibited or that not all of them were killed.
Unfortunately, as shown above, reproducibility was poor and values varied too much, thus it
was not possible to make further statements from this approach.
We assume, that irreproducible results were caused by the extraction of bacteria from the
HPTLC plate being performed manually. To overcome this disadvantage, automatic extraction
with a TLC-MS interface was employed. In a first attempt, blank plates without substances were
used. In principle, extraction of the bacteria with the device worked. Growth and luminescence
were observed in the tubes.
However, results from counting colonies on the agar plates varied very much (between no colony
at all and more than 100 colonies). In the counting chamber, no bacteria could be found.
To check, if the system was washed clean of bacteria between extractions, extracts from cleaning
runs from a blank plate were treated like the extracts from the plate covered with Vibrio
fischeri. It turned out that also in these tubes Vibrio fischeri growth was observable, which
indicated that the cleaning was not efficient enough.
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Another point, which has to be considered in interpreting the results is, that the TLC-MS
interface was not located at the State Laboratory but at an institute of the University of
Applied Sciences and Arts Northwestern Switzerland (FHNW) in Basel, so sample transport
additionally might have had an effect on reproducibility.
8.4 Conclusion and Starting Points for further Experiments
With our approach, we were confident to be on the right track regarding the destiny of Vibrio
fischeri on the HPTLC plate:
The bacteria could be extracted from the HPTLC plate quite easily. The tube growth test was a
valuable tool to find out if the bacteria were still fit to grow. With the LUMIStox measurement,
a tool for quantification was also available. Identification of Vibrio fischeri could be made via
it’s characteristic luminescence.
Plating out extracts from the plate and counting luminizing colonies was another tool to identify
and quantify living bacteria in the extract. While tube growth test and agar plating showed
only alive bacteria, the cell counting chamber should reveal dead bacteria, if they remained
intact. Gram staining is a good tool to directly look at the bacteria present in the extract and
to also find bacterial contamination.
From this project, we could make the tentative statement, that all tested substance zones were
covered with bacteria, so repelling of bacteria as the cause for dark zones could be excluded.
Furthermore, none of the tested substances seemed to have killed all Vibrio fischeri in the dark
substance zones.
For further interpretations, data unfortunately varied too much, but this can surely be improved
with an optimized extraction and adapted workflow. Using the TLC-MS interface for the
extraction gave promising results. However, the exact conditions (time of extraction, cleaning
between extractions) have to be figured out in further experiments.
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9 Hints and Pitfalls
This chapter intends to focus on some points which were found to be essential for the successful
implementation of HPTLC with Vibrio fischeri detection and might help potential successors.
Legal Status
The application of luminescent bacteria on the (HP)TLC plate was patented [1, 2]. The legal
status of the method has to be checked before working with it.
Bacteria and their Cultivation
Usually, lyophilized Vibrio fischeri bacteria, strain NRRL B-11177 are used, which is the same
strain as for the international standard method [3]. For this work, bacteria were obtained either
from the BioLuminex kit (ChromaDex, Santa Ana, CA, USA) or as LCK 484 from Hach Lange
(Düsseldorf, Germany). The BioLuminex kit is no longer available, thus it will not be further
discussed here.
For cultivation, reactivated bacteria were poured in a 500-mL Erlenmeyer flask containing
200 – 250mL liquid culture medium (see below) and shaken on a rotary shaker or stirred on a
magnetic stirrer (approx. 300 rpm) at room temperature (approx. 20 – 24 °C). Depending on
the shaking or stirring speed and the temperature, the bacteria were luminescent enough after
approximately 2 days. The luminescence is only visible in the dark, a pitch-dark room is perfect,
but also a tight box can be used.
Shake the flask to observe the luminescence properly, because the bacteria require oxygen.
When stopping the movement, it can be observed that the luminescence first stops at the
bottom of the flask and later also at the surface.
Subcultivation of the bacteria was performed by transferring 5mL brightly luminizing bacteria
into 300mL fresh medium, which could be repeated for approximately 2 weeks.
Cultivation in summertime at higher temperature (above approx. 25 °C) or too long subculti-
vation led to unreliable results. Despite visual bacterial growth in the medium, luminescence
of the HPTLC plate was poor, and the resulting image was grainy. An explanation could be
found in literature, where the formation of “dark mutants” was described [4]: when cultivated
at temperatures higher than the optimum, luminous bacteria are easily transformed into dark
mutants, which contain lower levels of luciferase and thus appear very dim. UV light can lead
to dark mutants, too, which might explain the limited number of subcultivation steps.
87
Part III 9 Hints and Pitfalls
Culture Medium
The composition of the medium given in literature varies slightly [4–7]. Here, the following
composition was used [5]:
Per 1 L distilled water
30 g NaCl
6.1 g NaH2PO4 ⋅ H2O
2.75 g K2HPO4 ⋅ 3 H2O
0.2 g MgSO4 ⋅ 7 H2O
0.5 g (NH4)2HPO4
5 g peptone from casein
0.5 g yeast extract
3mL glycerin
The pH was adjusted to 7.2± 0.2 with 1N NaOH or 1N HCl.
By autoclaving the medium (121 °C, 20min), contamination could be avoided, and larger
amounts of medium could be produced at once, because storage time is prolonged. When
opened, it could be stored for few days in the fridge.
Standardization and Calibration of the Detection
To optimize the detection and receive reproducible results, three checks were implemented in
the analysis.
First, before applying the bacteria suspension onto the HPTLC plate, the luminescence was
measured with a luminometer. The visual impression of the bacteria’s brightness in the flask
was not always correct, and it was very annoying to find out after complex plate preparation
and chromatography that the result could not be used, because the bacteria were too dim. The
luminescence check nearly eliminated this problem and enhanced the success of the detection.
Luminescence was measured with the LUMIStox 3 luminometer (Hach-Lange) in the Irel mode.
Therefore, 10µL of the bacteria suspension were added to a cuvette containing 2mL of a 2%
aqueous sodium chloride solution kept at 15 °C in a cooling block (LUMIStherm, Hach-Lange)
and measured immediately. The minimum value for bacteria ready for detection was 500, typical
values were above 1000.
As an alternative, measuring of the turbidity according to German standard DIN 38412 was
described [8], where a density of 20 – 30 FAU (formazin attenuation units) was found to be
suitable.
The second quality check was, if the image taken with the BioLuminizer (CAMAG) did not
appear grainy or pixelized, and if the gain value was lower than 20. Images with a higher gain
value indicated too dim bacteria because the gain value of the image is reciprocally proportional
to the brightness of the HPTLC plate. The higher the gain value, the darker the image, the
weaker the bacteria.
As a third check, a reference substance was applied onto every HPTLC plate. A 6-mm band
of 2µg caffeine (1µg/µL in methanol) was applied as a positive control, which inhibited the
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bacteria moderately and had to be visible as a medium gray zone in the image. The background
of the plate served as negative control, its brightness indicated by the gain value.
Chromatography
Due to the sensitive bacteria detection, some characteristics had to be considered for chromato-
graphy.
Prewashing or pre-development of the HPTLC plate before use was essential. The Vibrio fischeri
detection proofed to be very sensitive, and bacteria were dark on an untreated plate and/or
chromatography resulted in several dirt fronts. For washing, polar solvents of high volatility
like methanol, 2-propanol or methanol/water (4+1) were well suited.
Some limitations of chromatography had to be taken into account. The choice of plate material
was limited to polar layers, because it has to be wettable with the aqueous Vibrio fischeri
suspension. Silica gel, LiChrospher and amino plates were used for this work, in addition, in
literature the applicability of cyanopropyl-bonded silica gel plates is reported [7].
Solvents for the mobile phase had to be completely removable from the HPTLC plate after
chromatography and/or might not leave Vibrio fischeri-toxic residues. In fact, all common
solvents fulfilled this requirement, for example dichloromethane, n-hexane, methanol, or tertiary
butyl methyl ether.
According to literature, the addition of small amounts of formic acid [9, 10] and ammonium
hydroxide solution in methanol [11] is possible.
Before applying the bacteria, solvents had to be removed from the plate. Good results were
achieved by heating the HPTLC plate in an oven or on a heating plate, for example at 60 °C
for 30min. The heating step had to be considered when analyzing thermal labile or volatile
compounds.
Bacteria Application
The bacteria suspension was taken as it was from the flask for application onto the HPTLC
plate. Recent literature reports the addition of phosphate buffer and hydrogen peroxide to the
bacteria few minutes before use to enhance luminescence [7].
Bacteria were applied by dipping with an automated immersion device or by rolling according
to chapter 5 on page 36. When dipping, immersion time had to be very short to minimize the
risk for substances to dissolve or bleed. Then, a filter paper was put on the HPTLC plate to
protect the plate layer and excess solution was removed by gently wiping over the paper. This
worked well, however, rolling was superior to dipping because it completely overcame bleeding
and reduced substance amount due to dissolution of polar substances in the aqueous bacteria
suspension.
Spraying, a common technique for applying derivatization solutions onto an HPTLC plate, was
not useful for the application of bacteria. Literature reports that homogeneous application
could not be achieved, the bacteria dried out when spraying leading to reduced luminescence,
and – due to the aerosols – a good exhaustion was required, enhancing the effort [5].
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An alternative bacteria application method is to cultivate Vibrio fischeri bacteria on agar plates,
then to suspend the colonies in a dispersion solution containing methyl cellulose, and to apply
the suspension with a spatula onto the HPTLC plate [12].
Detection, Evaluation and Identification
Luminescence of the bacteria on the HPTLC plate was very weak, it could only be seen by
eye in a very dark surrounding after accommodation, which was not applicable for routine use.
Therefore, the image was taken using the BioLuminizer (CAMAG), a dark box with a light
sensitive camera. Exposure time was 55 seconds.
Quantitation was performed as described in chapter 4 on page 21 using the calculations suggested
in [11]. Recent literature shows an additional way for data transformation [7].
Kinetics play an important role in the evaluation. The effect of a substance on the bacteria
could vary during the time from the first image taken immediately until after 15 to 30 minutes.
Also the shape of the zones could change, they could sharpen or blur, darken or brighten or
remain the same. For comparability, exposure time and incubation time of each plate were kept
constant.
For identification, the zone of interest was either extracted by the TLC-MS interface (CAMAG)
or by scratching out the layer and extracting it. The extract was re-analyzed with conventional
methods like HPLC with DAD, or LC or GC with MS. In order to minimize contamination of
the column and detector, zones of interest were extracted at the respective RF from a parallel
plate without bacteria.
When using DART with MS detection, the bacteria-coated plate could also be placed directly
in the excited gas stream of the ion source [13].
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Achievements
In this work it could be shown that HPTLC coupled with Vibrio fischeri detection serves as a
reproducible, validated and quantitative method.
First, two major drawbacks of the method were solved: The lack of an easily applicable,
comprehensive quantitative evaluation could be overcome to a certain extend by creating a
procedure which allowed also the use of HPLC software for chromatogram analysis. Dissolving
of substances when dipping, leading to blurring and tailing was avoided by establishing an
alternative application technique based on rolling.
Then, the capability of combining the Vibrio fischeri detection with conventional analysis could
be successfully shown in practice for the analysis of antimicrobial compounds in mouthwashes.
Interpretation of Dark Zones
Open questions remain for the interpretation of the Vibrio fischeri detection regarding the
substances’ mode of action, the influence of the HPTLC layer material, and the influence of time.
Knowing more about the actual condition of the bacteria on the HPTLC plate (dead? inhibited?
no bacteria?) would surely help to further interpret the results regarding their toxicological
significance. A basic attempt has been made in this work which can serve as a starting point
for the conception of further experiments.
Standardization
An easy operated, commercially available software for standardized quantitative evaluation
would surely enhance the possibilities of the method. Vibrio fischeri detection was shown to be
reproducible enough for quantitative evaluation, and suitable correction methods are at hand
as described in this thesis (based on [11]), and in more recent literature [7].
To achieve comparability throughout the working groups, standardization should include the use
of defined bacteria in a defined growth state, a quality check before use, reference substance(s)
on the HPTLC plate, a defined image-taking, which includes incubation time before taking the
image and exposure time, and standardized quantitative evaluation.
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Newer Publications
Research on the method is ongoing. A very interesting approach is the correlation of Vibrio
fischeri detection on the (HP)TLC plate with the original cuvette test. Promising attempts
have been made for the correlation of bromoxynil which was found to be by a factor of 1440
more sensitive on the TLC plate [14].
Furthermore, Vibrio fischeri detection was described to be the method of choice for the
quantitative detection of the pain killers diclofenac and ibuprofen, being more sensitive for
ibuprofen than UV detection (limit of detection for ibuprofen 20 ng/zone, in UV light 180 ng/zone,
for diclofenac 89 ng/zone, in UV light 33 ng/zone) [7].
There are also various newer reviews in which (HP)TLC with Vibrio fischeri detection has been
included [15–18].
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With the findings of this thesis, it can be stated that HPTLC coupled with Vibrio fischeri detec-
tion can successfully be used in practice as a complementation of conventional chromatographic
techniques.
Light was shed on various aspects. Quantitative evaluation was simplified and improved, rolling
was established as a superior alternative to dipping, mouthwashes could successfully be screened
for antimicrobial compounds, and a basis for the understanding of the bacteria’s destiny on the
HPTLC plate was laid.
The work is meant to serve as a guide for further research and application of the HPTLC-
bioluminescence detection using Vibrio fischeri.
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Summary
Introduction
For the chemical analysis of food, drugs, and environmental samples it becomes more and
more important not only to find specific substances, but to find those substances of a certain
(biological) activity.
Several biological screening assays are available. One of the most versatile is the luminescent
bacteria test according to an international norm (DIN EN ISO 11348), a rapid cuvette test of
cytotoxicity, which is sensitive to a broad spectrum of harmful substances and represents the
overall effect of a sample.
The assay employs the marine, naturally bioluminescent bacterium Vibrio fischeri, which emits
blue-green light under good living conditions. Because the energy-consuming luminescence
metabolism is linked directly to the bacterium’s respiratory chain, a disturbance of the bac-
terium’s metabolism affects the luminescence, whereas the degree of toxicity is proportional to
the luminescence inhibition.
Major advantage was achieved by coupling this biotest with previous separation by high-
performance thin-layer chromatography (HPTLC), which allowed for a screening for individual
components. The workflow consists of sample application onto an HPTLC plate, separation,
drying the plate, application of the Vibrio fischeri suspension, and detection with a light-sensitive
CCD camera. In the resulting image, dark zones on a brightly luminizing background indicate
substances that affect the bacteria’s metabolism. These zones can then be further processed for
identification by conventional analyses like high-performance liquid chromatography (HPLC)
or gas chromatography (GC) coupled to mass spectrometry (MS).
Aims and Scope
This thesis was carried out at the State Laboratory Basel-City (Kantonales Laboratorium
Basel-Stadt, KLBS), a Swiss food law enforcement authority. The following objectives were
pursued: Enhancement of the quantitative evaluation of HPTLC-bioluminescence assays, en-
hancement of the bacteria application onto the HPTLC plate, screening of mouthwash samples
for antimicrobial compounds, and a basic attempt to investigate the bacteria’s condition in
those zones which appeared dark in the HPTLC plate image.
Quantitative Evaluation
No suitable image evaluation program for the effective correction and quantitative evaluation
of the image after Vibrio fischeri detection was available, which was regarded as a great
disadvantage.
In literature, adaptations of the special corrections based on the cuvette test calculations were
described, including horizontal background correction and the recalculation of the sigmoid
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dose-response-relationship of the bacteria’s reaction. This served as a basis for the development
of a new method using existing software which did not only perform the necessary calculations
but was easy and convenient enough for use in routine evaluations.
The first step of the method was the selection of the regions of interest from the image in
an image editing program (Gimp). Then, the image file was converted into a text file using
a command line software (ImageMagick). The text file was then imported in the spreadsheet
program Microsoft Excel, where the corrections were calculated (simplified by macros) and the
chromatogram curves were obtained.
For chromatogram evaluation, however, it was necessary to export the chromatograms, because
Excel does not provide suitable integration tools. Therefore, export to two specialized programs
was included. This was the export to the TLC densitogram software VideoScan (CAMAG),
which allowed a routine evaluation of chromatograms, giving peak heights and peak areas
as parameters, and – for in-depth evaluation of chromatograms – to the HPLC software
ChromQuest (Thermo Scientific), which additionally calculated a wide range of parameters like
signal-to-noise ratio, peak asymmetry, or peak width.
Application of Bacteria by Rolling
The process of applying the aqueous bacteria suspension onto the HPTLC plates could be
improved. Usually, application was done by dipping with the help of a dipping device. Especially
for polar substances, however, it was observed that substances can start to dissolve during this
process, leading to blurring and tailing of the zones on the plate. Literature review showed,
that rolling and “stamping” have been basically described for the application of chemical
derivatization reagents on the HPTLC plate, but were very rarely used.
A simple rolling device consisting of commercially available household articles was constructed:
A rolling pin was coated with window cloth which was fastened with a stocking. After wetting
the cloth with bacteria suspension, the pin was rolled over the HPTLC plate, and a cutting
board served as support.
To compare rolling with dipping, octhilinone and methylparaben were chosen as test compounds.
With the previously developed quantitative evaluation method, the comparison could be
evaluated in detail, and it was shown that the results of rolling were far superior to dipping:
Depending on the substance and its amount on the HPTLC plate, peaks were narrower and up
to a factor of 4 higher, thus providing a higher signal-to-noise ratio than after dipping.
However, manual rolling depended on the person who did it, and it was not possible to control
pressure and velocity. To overcome this problem, a prototype of an automated rolling device
was constructed and built in cooperation with the School of Engineering of the University of
Applied Sciences and Arts Northwestern Switzerland (FHNW). Remarkably, results were not
superior to manual rolling, but the device helped to better understand the decisive parameters
of the rolling process such as wetting of the pad, rolling speed and applied pressure.
Screening of Mouthwashes
After the successful process optimizations, the applicability of the HPTLC-bioluminescence
assay was tested on commercial mouthwashes. Mouthwashes are likely to contain antimicrobial
compounds, which are not necessarily indicated on the packaging. HPTLC with biodetection
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was used as a rapid screening method to detect zones of interest, which were further analyzed
by conventional techniques like HPLC and GC.
The mouthwash samples were separated in parallel on silica gel and amino layer HPTLC plates,
developed with a solvent system containing tertiary butyl methyl ether and n-hexane and dried
on a plate heater. Then, the bacteria suspension was applied by rolling on the HPTLC plate,
and zones of interest were extracted from a parallel plate and identified by HPLC-UV detection
or GC-MS.
First, the reaction of Vibrio fischeri towards more than 40 standard substances that might
be present in mouthwashes was determined. This database was used for the analysis of six
commercially available mouthwashes.
The method proved to be viable for an effect-directed screening for antimicrobial compounds.
It revealed that not only declared preservatives are used in mouthwashes, but also other
antimicrobial compounds. These were especially constituents of essential oils having antibacterial
properties (anethole, carvone, menthol, thymol), but are summarized as “aroma”, which is in
compliance with legal restrictions.
Microbiological Examination of the HPTLC Plate
A most interesting question concerns the bacteria’s condition on the HPTLC plate, which is not
answered in literature. For the brightly luminizing background, it must be assumed that the
bacteria are well alive. But no clear statement can be given for bacteria in the dark zones: they
might be dead, inhibited (maybe only temporarily), or absent due to water repelling effects of
the zone’s compound.
A basic attempt to answer this question was made by applying a combination of classical
microbiological techniques. In a first step, the bacteria were extracted manually from the wet
HPTLC plate and examined under a microscope, plated out on agar plates, and cultured in
liquid medium.
Test substances were caffeine as a polar and inhibiting substance, benzylparaben as a strongly
inhibiting substance of medium polarity, methylisothiazolinone as a polar and microbicidal
substance, and the unpolar, hydrophobic diethylhexyl adipate without Vibrio fischeri toxicity.
Results showed that the extraction of bacteria from the HPTLC plate worked well, growth and
luminescence could be observed both on agar plates and in the liquid culture medium. Bacteria
from all zones showed growth and luminescence, indicating that none of the test substances
killed all bacteria in the substance zones. As this was observed with extracts from all test
substance zones, repelling of bacteria as the cause for dark zones could be discounted.
Unfortunately, both counting of colonies and measurement of luminescence varied too much,
probably due to the manual extraction process. Therefore, the TLC-MS interface was employed
to extract the bacteria from the HPTLC zones. The first results were promising, but the
technique still requires improvements in order to achieve reproducible results.
Conclusion
It could be shown that HPTLC coupled with Vibrio fischeri detection can successfully be used
in practice and is well suited to complement conventional analytical techniques. This work is
meant to serve as a guideline for further research and new applications.
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Einleitung
Bei der chemischen Analyse von Lebensmitteln, Medikamenten und Umweltproben wird es immer
wichtiger, nicht nur gezielt bestimmte Substanzen zu finden, sondern spezifisch Substanzen mit
einer bestimmten (biologischen) Wirkung nachzuweisen.
Hierfür stehen verschiedene biologische Screening-Assays zur Verfügung. Einer der universellsten
ist der Leuchtbakterientest gemäß internationaler Norm (DIN EN ISO 11348). Hierbei handelt
es sich um einen schnellen Küvettentest auf Zytotoxizität, welcher empfindlich auf ein breites
Spektrum schädlicher Substanzen reagiert und die Gesamtwirkung einer Probe erfasst.
Für diesen Assay wird das marine, von Natur aus biolumineszente Bakterium Vibrio fischeri
eingesetzt, welches unter guten Lebensbedingungen blau-grünes Licht emittiert. Da der energie-
aufwändige Lumineszenz-Metabolismus direkt mit der Atmungskette des Bakteriums verknüpft
ist, beeinflusst eine Störung des Bakterienstoffwechsels die Lumineszenz, wobei der Grad der
Toxizität proportional zur Hemmung der Lumineszenz ist.
Ein großer Fortschritt war die Kopplung dieses Biotests mit vorheriger Trennung durch die
Hochleistungs-Dünnschichtchromatographie (HPTLC), da dies ein Screening auf Einzelsub-
stanzen ermöglicht. Der Arbeitsablauf besteht aus Probenauftragung auf eine HPTLC-Platte,
Trennung, Trocknen der Platte, Aufbringen der Vibrio fischeri-Suspension und Detektion
mit einer lichtempfindlichen CCD-Kamera. Im resultierenden Bild zeigen dunkle Zonen auf
einem hell lumineszierenden Hintergrund Substanzen an, die den Bakterienstoffwechsel be-
einflussen. Diese Zonen können dann zur Identifizierung mit konventioneller Analytik wie
Hochleistungs-Flüssigchromatographie (HPLC) oder Gaschromatographie (GC) gekoppelt mit
Massenspektrometrie (MS) weiter aufgearbeitet werden.
Aufgabenstellung und Ziele
Die vorliegende Arbeit wurde am Kantonalen Laboratorium Basel-Stadt (KLBS), einer Schwei-
zer Lebensmittelüberwachungsbehörde, durchgeführt. Es wurden die folgenden Ziele verfolgt:
Verbesserung der quantitativen Auswertung von HPTLC-Biolumineszenz-Assays, Verbesserung
der Aufbringung von Bakterien auf die HPTLC-Platte, Screening von Mundspüllösungen auf
antimikrobielle Substanzen, sowie einen ersten Ansatz, um herauszufinden, in welcher Verfassung
sich die Bakterien in den dunkel erscheinenden Zonen der HPTLC-Platte befinden.
Quantitative Auswertung
Für die effektive Korrektur und quantitative Auswertung des Bildes war kein geeignetes
Bildauswerteprogramm vorhanden, was als großer Nachteil angesehen wurde.
In der Literatur wurden Anpassungen der speziellen Korrekturen basierend auf den Berech-
nungen des Küvettentests beschrieben, einschließlich horizontaler Hintergrundkorrektur und
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Rückrechnung der sigmoiden Dosis-Wirkungsbeziehung der Bakterienreaktion. Dies diente als
Basis für die Entwicklung einer neuen Methode unter Verwendung bestehender Software, die
nicht nur die notwendigen Berechnungen durchführte, sondern auch einfach und komfortabel
genug zu bedienen war, um sie routinemäßig für die Auswertung einzusetzen.
Der erste Schritt der Methode bestand in der Auswahl der interessierenden Bereiche des
Bildes mit einem Bildbearbeitungsprogramm (Gimp). Danach wurde die Bilddatei mit einer
Kommandozeilen-Software (ImageMagick) in eine Textdatei umgewandelt. Die Textdatei wurde
anschließend in das Tabellenkalkulationsprogramm Microsoft Excel importiert, in welchem
die Korrekturen berechnet wurden (vereinfacht durch Makros) und die Chromatogramme
entstanden.
Für die Auswertung der Chromatogramme war jedoch ein Export notwendig, da Excel nicht
über geeignete Integrationsmöglichkeiten verfügt. Daher wurde der Export in zwei spezialisierte
Programme integriert. Dies war zum einen der Export in die TLC-Densitogramm-Software
VideoScan (CAMAG), welche für die Routineauswertung der Chromatogramme geeignet war
und die Parameter Peakhöhe und Peakfläche lieferte. Und zum anderen – für eine detaillierte
Auswertung der Chromatogramme – der Export in die HPLC-Software ChromQuest (Thermo-
Scientific), mit der zusätzlich ein breites Spektrum an Parametern berechnet werden konnte,
wie das Signal-zu-Rauschen-Verhältnis, Peakasymmetrie oder Peakbreite.
Auftragung der Bakterien durch Walzen
Das Aufbringen der wässrigen Bakteriensuspension auf die HPTLC-Platten konnte verbessert
werden. Üblicherweise wurde diese durch Tauchen mit Hilfe eines Tauchgerätes aufgebracht.
Besonders bei polaren Substanzen wurde jedoch beobachtet, dass die Substanzen dabei angelöst
werden können, was zu Verlaufen und Tailing der Zonen auf der Platte führte. Wie die
Literaturrecherche zeigte, wurden Walzen und “Stempeln” zwar prinzipiell für die Auftragung
von chemischen Derivatisierungsreagenzien auf die HPTLC-Platte beschrieben, aber nur sehr
selten angewendet.
Aus kommerziell erhältlichen Haushaltsartikeln wurde ein einfaches Walzgerät konstruiert:
Ein Nudelholz wurde mit einem Fenstertuch umwickelt, welches mit einem Strumpf befestigt
wurde. Das Tuch wurde mit der Bakteriensuspension getränkt und das Nudelholz dann über
die HPTLC-Platte gerollt, wobei ein Schneidbrett als Unterlage diente.
Um Walzen und Tauchen zu vergleichen, wurden Octhilinon und Methylparaben als Test-
substanzen gewählt. Mit der zuvor entwickelten quantitativen Auswertemethode konnte der
Vergleich im Detail ausgewertet werden. Es wurde gezeigt, dass die Ergebnisse mittels Walzen
denen des Tauchens weit überlegen waren: Abhängig von der Substanz und deren Menge auf
der HPTLC-Platte waren die Peaks schmaler und um bis zu Faktor 4 höher, was ein höheres
Signal-zu-Rauschen-Verhältnis ergab als nach dem Tauchen.
Allerdings hing das manuelle Walzen von der ausführenden Person ab, und es war nicht möglich,
Druck und Geschwindigkeit zu kontrollieren. Um dieses Problem zu bewältigen, wurde in
Kooperation mit der Hochschule für Technik der Fachhochschule Nordwestschweiz (FHNW) ein
Prototyp eines automatischen Walzgerätes konstruiert und gebaut. Bemerkenswerterweise waren
die Ergebnisse nicht besser als mit manuellem Walzen, aber mit diesem Gerät war es möglich,
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die entscheidenden Parameter des Walzprozesses wie Benetzen des Pads, Walzgeschwindigkeit
und aufgebrachten Druck besser zu verstehen.
Screening von Mundspüllösungen
Nach diesen erfolgreichen Prozessoptimierungen wurde die Anwendbarkeit des HPTLC-Bio-
lumineszenz-Assays an kommerziellen Mundspüllösungen getestet. Mundspüllösungen können
antimikrobielle Bestandteile enthalten, welche nicht unbedingt auf der Packung angegeben sein
müssen. HPTLC mit Biodetektion wurde als schnelle Screeningmethode eingesetzt, um die
interessierenden Zonen zu detektieren, welche dann mit konventionellen Techniken wie HPLC
und GC weiter untersucht wurden.
Die Mundspüllösungen wurden parallel auf Kieselgel- und Amino-HPTLC-Platten mit einem
Lösemittelsystem bestehend aus tert-Butylmethylether und n-Hexan aufgetrennt und auf einem
Plattenheizer getrocknet. Danach wurde die Bakteriensuspension mittels Walzen auf die HPTLC-
Platte aufgebracht. Die interessierenden Zonen wurden von einer Parallelplatte extrahiert und
mit HPLC-UV oder GC-MS identifiziert.
Zunächst wurde die Reaktion von Vibrio fischeri auf mehr als 40 Standardsubstanzen be-
stimmt, welche in Mundspüllösungen vorhanden sein könnten. Diese Datenbasis wurde für die
Untersuchung von sechs kommerziell erhältlichen Mundspüllösungen verwendet.
Die Methode erwies sich als geeignet für ein wirkungsbezogenes Screening auf antimikrobielle
Substanzen. Es zeigte sich, dass in Mundspüllösungen nicht nur deklarierte Konservierungsstoffe,
sondern auch andere antimikrobielle Substanzen verwendet werden. Diese waren hauptsächlich
Bestandteile ätherischer Öle mit antibakteriellen Eigenschaften (Anethol, Carvon, Menthol,
Thymol), die jedoch in Übereinstimmung mit den rechtlichen Vorschriften unter “Aroma”
zusammengefasst wurden.
Mikrobiologische Untersuchung der HPTLC-Platte
Eine sehr interessante Frage, die in der Literatur nicht beantwortet wird, betrifft das Schicksal
der Bakterien auf der HPTLC-Platte. Für den hell leuchtenden Hintergrund muss angenommen
werden, dass die Bakterien leben. Für die Bakterien in den dunklen Zonen kann jedoch keine
klare Aussage getroffen werden: sie könnten tot, gehemmt (eventuell nur temporär), oder
aufgrund wasserabstoßender Effekte der Substanz in der Zone nicht vorhanden sein.
Durch Kombination klassischer mikrobiologischer Techniken wurde ein einfacher Versuch
gemacht, diese Frage zu beantworten. Im ersten Schritt wurden die Bakterien manuell von der
benetzten HPTLC-Platte extrahiert und unter dem Mikroskop untersucht, auf Agarplatten
ausplattiert und in Flüssigmedium kultiviert.
Als Testsubstanzen eingesetzt wurden Coffein als polare und hemmende Substanz, Benzylpa-
raben als stark hemmende Substanz mittlerer Polarität, Methylisothiazolinon als polare und
mikrobizide Substanz, und das unpolare, hydrophobe Diethylhexyladipat, was keine Vibrio
fischeri-Toxizität aufwies.
Die Ergebnisse zeigten, dass die Bakterien erfolgreich von der HPTLC-Platte extrahiert werden
konnten, es konnte sowohl auf den Agarplatten als auch im Flüssigkulturmedium Wachstum und
Lumineszenz beobachtet werden. Bakterien aus allen Zonen zeigten Wachstum und Lumineszenz,
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woraus gefolgert werden kann, dass keine der Testsubstanzen alle Bakterien in der Substanzzone
getötet hat. Da dies bei allen Extrakten aus Zonen aller Testsubstanzen beobachtet wurde,
konnte auch ein Abstoßen der Bakterien als Grund für die dunklen Zonen ausgeschlossen
werden.
Leider schwankten die Ergebnisse des Kolonienauszählens und der Lumineszenzmessung zu stark,
vermutlich aufgrund des manuellen Extraktionsprozesses. Daher wurde das TLC-MS-Interface
verwendet, um die Bakterien von den HPTLC-Zonen zu extrahieren. Die ersten Ergebnisse
waren vielversprechend, doch die Methode muss noch verbessert werden, um reproduzierbare
Ergebnisse zu erhalten.
Fazit
Es konnte gezeigt werden, dass die Kopplung der HPTLC mit Vibrio fischeri-Detektion er-
folgreich in der Praxis eingesetzt werden kann und die Methode zur Vervollständigung kon-
ventioneller Analysetechniken gut geeignet ist. Diese Arbeit soll als Leitfaden für die weitere
Forschung und neue Anwendungen dienen.
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